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Abstract 
This project evaluated the feasibility of a pretreatment system for reverse osmosis. The 
market was researched for viability. A bill of materials was issued for the prototype and all costs 
were established. Overall costs were compared against the current system’s costs to determine 
the overall benefit of the proposed system – used to evaluate the feasibility.  The final deliverable 
was a strategic plan for the MQP report, which summarizes all of the costs and market research. 
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1 Problem Statement 
The goal of this major qualifying project (MQP) at Worcester Polytechnic Institute (WPI) 
was to research the current water filtration industry and analyze trends in order to develop a 
feasibility analysis and marketing strategy for a redesigned pretreatment process for reverse 
osmosis. This project was part of the IEE Engineering Design Competition at New Mexico State 
University. The task was to develop cost analyses of energy, production, and overall 
environmental impact of a redesigned water pretreatment process in order to create a business 
plan to sell the product to the Navy. 
A team of civil and environmental engineers developed a pretreatment process, and the 
management team developed the business plan.  The competition had a number of set 
requirements to achieve in terms of water filtration.  There were also requirements to analyze the 
financial and operational feasibility of the filter.  A feasibility analysis was performed to evaluate 
the market demand and profitability of the product. This profitability was compared to 
environmental impact and energy cost efficiency to determine if the product could be 
competitive in the market. 
Currently, sea-going vessels use a combination of cartridge filters and reverse osmosis 
(RO) to create potable drinking water from seawater. When these vessels are in coastal waters 
and harbors, the cartridge filters quickly become clogged and must be frequently replaced; this 
frequent clogging and replacing of filters forces ships to keep an inventory of extra filters as well 
as the discarded filters. There is a large need as well as significant demand in the current market 
for a pretreatment process that offers a smaller footprint and a reduced energy requirement. 
Ideally, a new pretreatment process would require less than 10% of the total energy required for 
reverse osmosis.  
The product created by this project not only offers a smaller footprint and reduced energy 
requirement but also produces significantly less waste while requiring far less maintenance. 
Reverse osmosis (RO) is a common process at inland desalination plants which could provide 
another market to introduce this pretreatment product to. General market requirements will be 
slightly different than those of the Navy. For example, an inland desalination plant is not going to 
be worried about a cartridge or membrane fouling quickly in coastal waters. Because of this, the 
industry is beginning to trend towards membrane pretreatments – the implications of this for the 
proposed pretreatment system will be discussed in Chapter 5. 
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This process began with market and industry research to understand the current 
manufacturers’ competitive environment and buyers’ needs. The information gained during this 
stage facilitated the assessment of overall costs. The cost analyses were organized into current 
costs versus costs of the new filtration process in terms of energy, production, and environmental 
impact. In addition to this, the market research performed was used to create a marketing 
strategy; given the cost analyses show that sales are feasible. 
According to WPI’s Undergraduate Course Catalog 2009-2010, “the qualifying project in 
the major field of study should demonstrate application of the skills, methods, and knowledge of 
the discipline to the solution of a problem that will be representative of the type to be 
encountered in one's career.” The goal met the requirements of the major qualifying project 
because it encompassed the recommended activities put forth in the course catalog while also 
accurately representing a problem that would be encountered in a business-related career. Every 
company that sells products goes through a similar process to evaluate the feasibility of actually 
bringing the product to market. Before feasibility is even considered – market need and 
consumer demand is first analyzed, without a need or a customer there would be no sales. As 
earlier discussed, in order to create an internal strategic plan for an innovative new product, 
market need and demand were first assessed, followed by market research to evaluate what the 
current industry is doing and where a company could competitively sell a new product. After 
need and demand were established, the analysis shifted to determining the costs of developing 
and selling this product and the amount of possible revenue that could be gained. All of the 
research and analyses were placed into the strategic plan found in Appendix A. 
 In conclusion, this MQP researched and analyzed the industry and current market to 
provide a thorough feasibility analysis for a redesigned water filtration process. The feasibility 
analysis was incorporated into the final paper and presented at the Engineering Design Contest 
held at New Mexico State University. The full records of research, analysis, and 
recommendations can be found in the following MQP report for this project in compliance with 
WPI’s requirements for graduation. 
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2 Background 
 This chapter contains the background research necessary to perform the feasibility 
analysis and create the strategic plan for the redesigned water pretreatment process. Industry 
specific research that was used to help determine technological feasibility and profitability is 
presented throughout this chapter. This chapter also presents the background research on the 
contents of a strategic plan, how to construct each part, and the significance of each element. 
This research provided the knowledge foundation to create the methodology to perform the 
calculations and analysis needed for the strategic plan. 
 
2.1 Strategic Plan 
A strategic plan is usually used as an internal document.  Similar to a business plan it 
conveys the potential success of investing in a product or company after thorough research, 
analysis, and many debates and discussions have been performed.  The difference is that a 
strategic plan usually focuses on a product being promoted internally at a company.  Key aspects 
are the recognition of risk as well as how to mitigate this risk.  The overall feasibility of the 
product, marketability, and potential growth are all major factors in a strategic plan that 
facilitates decision making in a company (Morris et al. 2008). 
A comprehensive strategic plan was developed for this product. This document included 
market feasibility, financial projections, and future directions the company should follow to be as 
successful as possible (Morris et al. 2008). The following sections provided the background 
research that was necessary to compile the components in the strategic plan. 
 
2.1.1 Feasibility Analysis 
A feasibility analysis is a study of the proposed project to determine if it is 
technologically feasible, feasible in terms of costs, and whether the project can be profitable. 
Several tools are included in a feasibility analysis to provide a thorough view into the potential 
industry's environment. Included items were an industry/market analysis, competitive advantage, 
financial projections, payback period analysis, cost/benefits analysis, and forecasts (Allen 2006). 
This information was used to determine if the proposed project was feasible or not and to provide 
a comprehensive set of recommendations to the company on the project. 
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2.1.2 Industry Background 
The number of companies that offer water filtration systems for coastal ships is relatively 
small; these include Aqua Pro, ITT Corporation, and RWO. All three of these organizations serve 
the military, commercial, and leisure marine markets. There are several other small suppliers; 
however, their inability to produce at a capacity able to support sales to the Navy as well as lack 
of published information on their operations, led to their exclusion from this analysis. Aqua Pro’s 
systems are currently in use on the most advanced U.S. Navy ships (4CM 2009). ITT 
Corporation is the leader in the petroleum industry and RWO receives its profits from the 
onboard ships and offshore facilities markets (Zacks Equity Research 2009; “ITT Systems 
will…” 2009).  
Information on these three companies provides insight into the primary potential 
purchaser, the U.S. Navy, as well as other potential customers.  There are other companies within 
the industry; however, they are either not focused on water filtration systems for ocean vessels, 
or are very similar to the companies named above.  
The water filtration system currently being developed by the engineers is being targeted 
towards the Navy; however, there are potential applications in the commercial and leisure 
markets as well. There are companies that sell these systems to be built on oil platforms.  This is 
a very large potential market since there are over 700 platforms in just the Gulf of Mexico 
(Reuters 2008).  However many different companies own these platforms and it was not able to 
be determined how many of the rigs use an RO system onboard. 
Leisure ships are another potential market.  More specifically, cruise ships.  In 2010, 
there are about 20 cruise ships set to be completed (CyberCruises 2010).  There are also 
hundreds of ships already at sea.  This demonstrates a very large potential market, but similar to 
the oil platforms, there is little information about how many of these ships are using RO systems. 
The three markets discussed show a very large potential market, but for this report the 
focus will be placed on the Navy because of the concrete numbers that are provided.  Oil 
platforms and leisure ships are very large potential markets, but the lack of information makes 
them very difficult to estimate. 
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2.1.2.1 Competitors 
Aqua Pro 
The Parker Hannifin Corporation recently acquired Aqua Pro early in 2009. Parker 
Hannifin is a global engineering solutions company. The addition of Aqua Pro to the company 
will enhance the products and services offered by Parker Hannifin in the marine sector, while 
Aqua Pro will benefit from Parker’s engineering expertise and global network. 
Aqua Pro was established over 30 years ago and they had recorded sales of $33 million 
for the 2008 fiscal year. The company produces RO systems for military applications, on-board 
submarines and land applications, as well as offshore oil rigs, work boats, fishing vessels and 
leisure boats. Peter Popoff, President of the Filtration Group for Parker Hannifin, stated the 
following, “Aqua Pro is recognized as the leader in on-board marine reverse osmosis products 
and their innovative, engineered systems are currently in use on the most advanced naval vessels 
and premier motor yachts" (4CM 2009). 
Parker Hannifin’s acquisition of Aqua Pro could have implications of making both 
companies far more competitive than they were originally. Both companies engage in frequent 
business with the military and Aqua Pro’s system is currently on most of the advanced navy 
vessels. The added financial support of Parker Hannifin will give Aqua Pro access to many more 
resources than they had previously, thereby placing a new and small entrant to the market at a 
disadvantage. 
This acquisition does make Parker Hannifin a stronger competitor; however, this alliance 
could be perceived as an opportunity for a smaller company with fewer resources to license their 
technology to an already established company. Both Parker Hannifin and Aqua Pro have had 
previous contracts with the Navy and other branches of the military which gives them an 
advantage in introducing new products to the government. Because the Navy is risk averse, it is 
more likely that Parker Hannifin would be able to sell a new filtration system easier than a start-
up company with little reputation. 
It is interesting to note that Parker Hannifin has a strong history of making acquisitions.  
As of 2001 the company has made over 58 acquisitions.  Last year alone they announced one 
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acquisition, completed one, and started to acquire three others (Business & Financial News 
2010).  This is evidence that Parker Hannifin grows through acquisitions and does not 
necessarily do all of their research in house.  
 
ITT Corporation 
ITT Corporation is a global, technology focused engineering and manufacturing firm. In 
2008, the firm had fiscal year sales of $11.7 billion. The firm just won a contract to supply a 
Mexican oil platform with freshwater. The contract was settled for $2.6 million and the project 
will consist of installing ITT supply pumps and treatment systems for an offshore oil platform in 
the Bay of Campeche (Zacks Equity Research 2009). The oil industry is not the market being 
evaluated at this time but it does provide useful insight into the technology and potential 
consumers. Dragados Offshore Mexico Project Director Jose A. Garcia-Figueras said,  
"The main focus on a platform is oil production, but if critical support systems fail, 
production stops. The water systems we install must be made of reliable equipment to 
ensure that freshwater availability does not become a concern for platform managers. We 
are confident that ITT's C'treat will deliver on that promise"(“ITT systems will…” 2009).  
These are the same requirements and concerns that the Navy possesses, as well as most potential 
consumers.  
This company also recently won a U.S. Navy contract to provide them with handheld 
satellite communication devices. This application is not really of interest because of the product; 
however, this contract makes it clear that ITT Corporation has a history of working with the 
United States military. This situation gives a competitive advantage to ITT and makes it 
somewhat more difficult for a new venture to enter the market. 
 
RWO  
 RWO has also been established for more than 30 years. The company is a leading 
supplier of both onboard and offshore applications of water treatment systems (RWO 2009). 
RWO installs new systems on ships as well as retrofitting a newer or improved system (RWO 
2009). RWO is slightly different than the other two competitors because the company does not 
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sell their products to an intermediary. RWO manufactures the products, installs them, and 
provides follow up service to the systems. 
 
2.1.3 Market Viability 
In order for a product launch to be successful, market research needs to be performed so 
that certain questions surrounding the market can be answered (Li 2007). These questions can be 
categorized into three topics: 
(1) Needs of the target market segment: What needs does the target market have that this 
product can meet? How important are those needs? How cognizant of these needs are 
the customers? 
(2)  Relative value for the money: What are the alternatives to this product? How does 
the product compare with these alternatives? How much will customers pay for the 
new product? 
(3) Food-chain and ecosystem factors: These factors are not necessarily relevant to a 
pretreatment system but can be related to supply-chain considerations such as 
supplier prices and inventory management. 
Once a company has thoroughly answered all of these questions, a much better view of the 
market will be available (see Figure 1). 
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Figure 1. Framework for Market Assessment (Li 2007) 
 
 This report uses the NABC model presented by Carlson and Wilmot (2006) to use the 
answers found in the aforementioned market assessment to address the pretreatment’s value 
proposition to both the U.S. Navy and the entity used to distribute the product. The NABC model 
presents the value proposition by addressing customer and market Need, the unique Approach to 
meet the need, the approach’s Benefits per Cost, and Alternatives to the proposed approach. The 
order of the NABC model is not necessarily important, as long as each point is adequately 
addressed. However, the creators of the model state that initially the focus should be placed on 
understanding the need of the market as well as customers and the competition in the market. 
This is the natural progression used in this project. Research was conducted on the market and 
customer need with a specific focus on the Navy. After requirements were gathered, focus was 
turned to competitors offering similar products and how much their filtration systems cost as 
well as what markets these competitors served.  
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 The NABC model is relatively uncomplicated; however, very few people and 
organizations actually apply the concepts. Companies that do apply the NABC model include 
GE, P&G, Baldor, Toyota, 3M, and W.L. Gore (Carlson & Wilmot 2006). Carlson and Wilmot 
have found that companies using the model are typically leaders in their field (2006). It is often 
found in industry that employees and management have different interests. In terms of NABC, it 
is most common to find employees using a model more similar to nAbc – all focus is on the 
approach; while management is interested in NabC – the market need and competition in the 
industry. This clash of interests is what makes NABC so useful – it defines a process that all 
participants are able to understand. 
 Every innovation opportunity requires a value proposition. Using the NABC model to 
present the value proposition reduces confusion, wasted resources, and poor communication 
between management and employees, and places more focus on customers’ actual needs. The 
value proposition needs to clearly illustrate better customer value than that of the competition. 
Carlson and Wilmot state that the best way to ensure that new value is being developed for the 
customer is to make sure that the value proposition begins with the four points discussed above. 
These four points can be thought of as questions to be answered in order to create the best value 
proposition possible (Carlson & Wilmot 2006): 
 
1) What is the important customer and market Need? 
2) What is the unique Approach for addressing this need? 
3) What are the specific Benefits per costs that result from this approach? 
4) How are these benefits per costs superior to the Competition’s and the alternatives? 
 
  Effective value propositions are specific, quantitative, easily understood, and illustrative. 
Carlson and Wilmot advise readers that these documents are difficult to create and require much 
iteration before it meets the qualities listed above. Initially, there is not enough information 
known in order to answer the four questions – that is the objective for this chapter, to gain 
enough knowledge to be able to answer the four questions. Gaining this knowledge involves 
basic library and text research as well as multiple discussions with the engineering team to 
improve the design and fully understand the benefits to the customers. Feedback (in this 
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situation, the feedback of the advisors) is also very important because it’s from the view of 
someone who knows nothing about the product – the value proposition is not effective until a 
person unaffiliated with the project is able to discern the customer value.  
 In all situations, more than one value proposition needs to be generated to address the 
multiple forms of value. The first form of value is to the customers, the second is the value of the 
product or project to the company. After these two value propositions have been created, there 
may be other interested parties such as investors that require this as well. For this project, these 
two value propositions include one to the Navy and one to the entity distributing the product. 
The value proposition to the Navy was the overall contribution of this team to the WERC Design 
Competition – this can be found in Appendix B. The value proposition for the entity distributing 
this product can be found in the strategic plan in Appendix A. 
The strategic plan found in Appendix A first addresses market and customer need as well 
as current and potential competitors. Customers who use RO systems have expressed both 
interest and a need for a redesigned pretreatment system with the specifications discussed in 
Chapter 1. Based on the initial gathered research and customer specifications, the approach was 
able to be created to solve this market need. The approach to solve this need can be found in 
Appendix B and the analysis to support the feasibility of this approach can be found in Chapters 
4 and 5 as well as Appendix A.  
The benefits per cost of the new pretreatment system are discussed in Chapter 4 and 
again presented in Appendix A. These benefits per cost were evaluated against those of the 
current cartridge filter system in order to evaluate the company’s possible competitive advantage 
in terms of cost and added features versus the current system. 
The strategic plan evaluates the product being offered by the competition in the current 
target market and alternative markets are identified for further analysis should the company 
decide to enter these markets. This section is very important as it helps the evaluator to find 
weaknesses in the proposed product. This discussion can be found in Chapter 2 and Appendix A. 
 
2.1.3.1 Michael Porter’s Five Forces Model 
Michael Porter’s Five Forces Model is a framework to analyze what is driving the 
decisions of a company.  The five forces represent powers that eventually control pricing and 
potential sales.  The five forces are: supplier power, buyer power, competitive rivalry, threat of 
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substitution, and threat of new entry.  Michael Porter’s Five Forces framework was used to 
analyze the market forces and the results were combined to determine what the largest industry 
concerns are for the pretreatment system. 
Supplier Power 
Supplier power is the ability of suppliers to change their prices.  For example, a taxi 
driver’s supplier is a gas station.  The price of gas could go up which would influence the fare 
that the driver charges - but it is not the driver’s choice (Porter 1980).  Suppliers gain power by 
having few competitors.  If a supplier was charging too much for one item, the buyer could 
purchase from someone else.  Monopolies or oligopolies are examples where the suppliers have 
a lot of power.  This power exists throughout the supply chain.  There may be many suppliers of 
some item that requires a very specific part.  This part may only have a few suppliers, giving 
those suppliers the power throughout the entire chain. 
If a supplier were to have very few customers, their power would be weakened.  The 
supplier would not be able to risk the loss of customers, causing the buyers to gain more power.  
The basis of the power in general is a result of the supply and demand of the product.  If there are 
many suppliers with little demand, then the buyers have the power.  If there are very few 
suppliers and many buyers, the suppliers have the most power. 
This is a very important factor for the pretreatment filter because many of the 
components are bought from external suppliers.  However, unlike gas in the taxi driver example, 
there are many suppliers for the materials needed.  Many companies produce pumps, pipes, sand, 
etc.  Using multiple suppliers is one way to minimize the supplier power, as the threat of moving 
to another supplier is always present.   
 
Buyer Power 
 Buyer power is the ability of the buyers to dictate prices.  In any market, buyers have 
some control over price. If the price is too high, consumers will not buy the product - driving the 
price down.  Every product has a different level of buyer power.  A product that has millions of 
customers provides the buyers with little power because the loss of one buyer would not make a 
significant difference in sales.  However, if there are only a few potential buyers, those buyers 
can easily dictate the terms because their purchase is very important (Porter 1980).   
  
19 
The pretreatment filter market is relatively small.  With only three real potential markets, 
it is possible that each buyer will possess a lot of power.  However, oil platforms and cruise ships 
have many owners and manufacturers.  This means that there are more than just three buyers, but 
the total number of possible buyers is unknown.  It is likely that the buyers would have a high 
level of power given the limited size of the market. 
 
Competitive Rivalry 
 Competitive rivalry describes the number of competitors and how similar their offerings 
are to yours.  An abundance of competitors is typically unfavorable because it provides buyers 
with more options.  Each competitor can provide the same results at a different price.  More 
competitors results in a higher risk that a company will offer a lower price for the same product.  
Essentially rivalry creates a bidding war, where the challenge is to create a lower bid than the 
competitor.  The ideal situation is to be the only supplier of a product, forcing all consumers to 
purchase from you (Porter 1980).  
There are already existing alternatives for the pretreatment filter.  In order to minimize 
this issue, the pretreatment system must either be offered at a lower price or provide large 
savings over the current system. Even in this situation, it is still possible for the competitors to 
adjust their prices in order to offer a lower price than the new system.  Since there are few 
potential customers, the competitors will be more willing to fight off other companies.   
 
Threat of Substitution 
 Threat of substitution is the threat that the buyers will be able to find a way to fulfill their 
need without having to purchase anything from you.  For example, people cooking food at home 
versus visiting a restaurant is a threat of substitution from a restaurateur’s perspective. The goal 
of the buyer is still met, but through a method that eliminates the restaurant (Porter 1980).  This 
is not as large of a threat for the pretreatment filter.  The filter creates water that is clean enough 
to go through the RO system.  Unless the feed water has been cleaned before entrance to the 
ship, which is highly unlikely, then the pretreatment system would still be needed. 
Membrane filtration is an existing technology that could potentially be seen as a threat of 
substitution.  Currently, these membranes are being used for land based desalination plants in 
various locations.  On a smaller scale such as ships they are generally untested.  Studies have 
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found that currently they would have a higher cost with no real benefit over a media filter.  These 
conclusions were confirmed by the engineers in their tests.  Potentially the price of the 
membranes and the costs to run them could drop and become comparable or surpass media 
filtration in the near future (Israeli Deslination Society 2007). 
 
Threat of New Entry 
 Threat of new entry is the risk that someone new will introduce technology identical to 
your own that performs better or cheaper.  The best method to mitigate this risk is to erect 
barriers, such as intellectual property, to protect your product and prevent others from entering 
into the market (Porter 1980).  This is difficult to do for the pretreatment filter.  There is little 
potential to use intellectual property.  In addition, the market itself is generally used as a platform 
to gain further sales in water filtration.  Because of this, there is a risk that a large company could 
enter the market with a competitive product in order to gain a foothold in the water filtration 
market. 
 
 Based on this analysis, the most important factors to consider for the pretreatment filter 
are a combination of competitive rivalry, buyer power, and the threat of new entry.  Competitors 
possess a high level of power because the system lacks intellectual property protection.  This 
allows competitors to directly mimic the design if they choose to do so.  There are a limited 
number of buyers who can dictate the price because the buyers are making large purchases.  
There is also the threat of new companies entering the market since there are few barriers to 
make it a difficult market. 
 
2.1.3.2 Important Industry Factors 
There are several factors that a company should consider before entering a new market. 
Several aspects of an industry can make it unattractive for entry. This section presents areas of 
concern that were identified in the water filtration industry. These concerns include the difficulty 
to differentiate products to a significant degree, pre-established relationships and distribution 
channels with multiple markets by large global companies, the size of the competitors, and a 
somewhat finite market.  
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2.1.3.2.1 Product Differentiation 
In the water filtration industry, it is a challenge to significantly differentiate between 
pretreatment products.  The technology being used is relatively available and simple.  Because of 
this, most of the products are very similar and differ primarily in size and target market.  
Companies create different sized systems to differentiate between various markets. For example, 
a Navy aircraft carrier will have a much larger system than a personal yacht.  However, the 
systems are essentially the same - it is just a matter of scaling the system up or down (Porter 
1980). 
Figure 2 displays areas that a new product must excel at in order to be successful. The 
exhibit consists of four dimensions that cover two categories – purchase motivators and purchase 
barriers (Mankin 2004). These four dimensions include lower price, greater benefits, easy to use, 
and easy to buy. Price and benefits fall under the purchase motivators category while easy to use 
and buy fall under the purchase barriers category. Due to the difficulty in product differentiation, 
it will be important to strive to provide high purchase motivators while eliminating purchase 
barriers (see Figure 2); providing high purchase motivators means offering the pretreatment 
system at a lower price than the competitors while providing better or equal features and benefits 
for the customer. In order to eliminate the purchase barriers, the pretreatment must not have any 
switching or adoption costs and must be easy to purchase (Mankin 2004). Providing a lower cost 
creates an entry point for a new product to be introduced.  The previous products are all very 
similar and therefore have a similar cost.  Providing a new product that achieves the same goals 
with increased benefits and at a radically reduced cost, utilizes the current market’s similarities. 
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Figure 2. Winning Product Benchmarks (Mankin 2004). 
 
2.1.3.2.2 Competitors’ Size 
Another major concern is that most of the competitors in this market are large, global 
companies.  This creates an issue because the size of these companies grants them access to 
extensive resources as well as large sales forces and distribution channels.  A new company 
could have a difficult time traveling around the world to sell and support these new systems – as 
the systems are used globally, while an existing company would already have the infrastructure. 
A small company could try to hire a small sales force to combat this issue – but there would still 
be a lack of resources in comparison to the competitors. 
A new, small, company would also be at a disadvantage as far as risk is concerned.  
Given that there are only three major markets, a small company would be reliant on making 
major deals in at least one of those markets in a short period of time.  Once the product is 
introduced there would not be a very long amount of time before the larger existing companies 
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create a similar product and maintain the existing channels of distribution.  Therefore, a small 
company would be at an extreme disadvantage in this market. 
Competitor size could be an advantage if only the product design is for sale as opposed to 
the actual system. Ideally, the product design would be sold to a company that has the skill and 
network to sell it globally (Moore et al. 2008).  
 
2.1.3.2.3 Slow Industry Growth 
The last issue for consideration is that the water filtration industry experiences slow 
growth.  The number of customers that are going to purchase these systems is relatively static.  
While an increase in cruise ship construction could increase the number of systems sold, the 
increase would not be too large.  The only exception to this may be a time of war, where the 
Navy could be building ships at a faster rate (Porter 1980). 
The slow growth makes this market unattractive for two reasons.  The first is that there 
are only so many potential contracts per year to make.  Any contract that the company does not 
get on a given year would be magnified since it will be a while before another potential contract 
arises. 
The second reason is that a new company would have difficulty growing, as a result of 
only having a few potential contracts per year.  If the company were only selling these 
pretreatment systems, the sales on the systems would not provide very large margins to allow the 
introduction of new products.  In addition, there are few new products being introduced and the 
larger companies provide the majority of the components found in the overall RO system.  A new 
company would either need to change how the entire system works, which would be very 
difficult, or slowly make its way into the distribution of each component of the RO system. 
 
2.1.4 Markets’ Purchasing History 
The Navy has very specific reasons for purchasing certain types of reverse osmosis 
systems in the past. For instance, the current system used on most ships was adopted about 20 
years ago. The requirements of that system included the ability to stay at sea for longer periods 
of time and a reduction in maintenance (ONR 2009). 
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The Navy has been known to purchase water filtration systems that were proven in the 
consumer market and were not necessarily produced for military use. The current cartridge filter 
system followed by reverse osmosis came from the consumer market. This illustrates that a 
newly developed system from the consumer market can be accepted for military use.  The Navy 
has also expressed interest in funding ideas from the consumer market to be used in military 
applications, which could provide a potential source of funding (ONR 2007). 
The Navy has stated what requirements would drive any future purchasing decisions for 
filtration systems. The main requirements include a reduction in energy use, less maintenance, 
and a reduction or elimination of chemical usage. There is significant interest in reducing waste 
as well as reducing size. In addition to these general specifications, there is a “Technical 
Readiness Level 4” requirement, as specified by the Department of Defense. This means that the 
system must have been tested in a laboratory. “Level 5” is preferred, which requires testing in a 
simulated environment. Those general requirements are specified by the Navy as the minimum 
amount of improvement needed in order to consider purchasing a new system (ONR 2007). 
While this data is focused on the Navy, much of it is applicable to other markets. The 
general consumer market does not have the technical readiness level requirements, but is 
similarly interested in reducing costs. The consumer market is also more likely to adopt a new 
filtration system faster than the Navy would fully adopt any new product (ONR 2007).  
 
2.1.5 Purchasing Techniques 
 The Navy has multiple purchasing techniques.  Units purchased for use on new ships 
would be purchased through the Navy’s bidding system.  This process is similar to replacing a 
unit on the ship after it is built, since this purchase would be classified as a renovation.  
Renovations go through the same process as a new ship in terms of bidding on large ticket items 
(U.S. Navy 2010). 
 The Navy has a different purchasing technique for anything below $2,500.  In this case, 
there is a catalog of suppliers with contracts that the purchasers choose from.  To obtain a 
contract for this type of purchase, there is a process of online registration or a company could 
sub-contract with another company that has already gone through the registration (U.S. Navy 
2010). 
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 In a real-world situation, the Navy would likely not purchase a pre-treatment system as a 
standalone.  The system would be part of the large RO system as a whole.  An RO treatment 
system would fall under the category of the bidding system in the Navy.  
 It was assumed in this project that the pretreatment system could be sold as a standalone 
unit, in order to control the scope of information that needs to be found.  Because this item’s cost 
is greater than $2,500 it would not fall under the “micro-transaction” catalog described by the 
Navy and therefore would follow the same bidding system that a full RO treatment system would 
undergo.  The cartridges and other materials that require replacement would fall under the 
catalog form of Navy purchases. 
 
2.1.6 Market Size 
The Navy’s fleet consists of hundreds of ships; however, not all of these require water 
filtration systems to obtain fresh water.  There are approximately 150 ships that currently have a 
water filtration system onboard.  Additionally, there are seven ships currently in construction 
with another ten ships in planning for construction over the next several years.  This market size 
provides for a fixed market in which to sell the proposed pretreatment system. 
As mentioned previously, the oil rig and leisure markets have very large potential.  
However there is a lack of information available about what percentage of these markets would 
be able to use the pretreatment system and therefore are being excluded in this report in order to 
provide more accurate assumptions. 
 
2.1.7 Competitive Advantage 
Competitive advantage is the means by which a company can provide the same benefits 
as its competitors, but with a lower cost or providing additional benefits (Porter 1980).  The cost 
advantage could be a lower cost of initial purchase or a lower cost to operate the product.  An 
additional benefit in today’s world could be a lower environmental impact or ease of use.  The 
additional benefit could be anything that the customer finds value in that one company provides 
over another. 
In order for a new product to be successful, it must offer a competitive advantage. The 
new water filtration design possesses a competitive advantage in the form of the pretreatment 
design. The pretreatment design consists of varied levels of different media (gravel, size 50 sand, 
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and GAC) that filters the feed water before it is processed through a single 20µm cartridge filter 
before entering the reverse osmosis system. Complete benefits will be assessed in the 
cost/benefits analysis of the strategic plan (see Appendix A section 2.3).  
 
2.1.8 Cost/Benefits Analysis 
 A cost/benefits analysis is a very useful tool that weighs a decision’s benefits against the 
costs. To perform a cost/benefits analysis, all of the costs and all of the benefits of the investment 
must be identified and quantified. The total costs are then deducted from the total benefits, 
resulting in a number that provides insight into continuing with the product or investment as 
planned. 
 In order to identify and quantify all of the necessary costs and benefits, other procedures 
must be completed beforehand. These procedures include gathering all costs of production and 
implementation of the new filtration system, an established purchasing price, any contingency 
costs, as well as all monetary, economic, and environmental benefits.  
Further detailed costs and benefits include the true costs of manufacturing, as well as 
savings impacts, a product cost analysis, environmental impact analysis, installation/removal 
costs, and energy cost savings. Payback period can also be calculated as a benefit of the 
investment or project. Payback is a calculation of the total initial investment divided by the 
savings of the new system over the old system.  This number is how long it takes for the savings 
to outweigh the initial investment.  Payback is a quick and dirty way to perform this calculation 
(Timmons & Spinelli 2009).  In this case, it is a good choice over other alternatives because of 
the lack of knowledge available about the internal investments of a company or the Navy. 
 
2.1.9 Financial Projections 
The financial projections are influenced by the subject viewing the information. For 
example, if capital is being sought, there would be more emphasis on the start-up costs and initial 
capital investments. Investors are interested in documents demonstrating why a product is 
worthy of investment. It is important to show that a product will provide potential returns, 
whether these are in the form of technology for the government, or actual cash returns for other 
investors.  Government grants, angel investors, and companies could potentially be sources of 
funding.  There is also a focus on the amount of time needed to receive a return.  In a brand-new 
  
27 
company, there must be returns on investment in a relatively short period of time.  If the product 
launch is within an already existing and established company then the time period could be 
significantly longer, because existing sales help assure investors that they will see returns.   
Manufacturers share many of the same concerns as investors and require similar 
documents; however, more emphasis is placed on production costs (Timmons & Spinelli 2009). 
A high start-up cost in terms of production could result in the decision to not form a company 
that produces the pretreatment system.  It may make sense to create a design firm and sell the 
process or to create a company that outsources the manufacturing to another company that 
already has the needed capabilities.  
A consumer’s main concern is the cost of purchase versus the savings received. These 
savings include both maintenance and energy savings (Timmons & Spinelli 2009). Savings are 
calculated through a modified return on investment formula. Normally return on investment is 
calculated by net income/investment. This can be modified to net savings per year/investment. 
This ratio will provide a percentage of savings per year versus retaining the current product. It is 
also possible to divide 100% by the net savings percentage to determine how many years are 
required to obtain a total net savings. This formula can be applied to different types of costs 
(Dorf & Byers 2008).  Different consumers have different savings interests.  The Navy desires 
savings in energy and maintenance, but may not necessarily be as concerned about a larger up-
front cost.  However, an oil rig would likely want all the savings possible.   
 
2.1.10 Sensitivity Analysis 
A sensitivity analysis was generated in order to determine what kind of variation the 
predictions could have.  This type of analysis evaluates all of the predicted numbers and creates a 
range that determines how widely any given prediction may vary before the model is considered 
wrong.  These numbers could be costs of manufacturing, potential sales, purchasing price, or any 
other number that has a predicted range.  A large range would suggest that the model and 
assumptions are very robust, since large variations would not cause the model to fail.  The 
opposite is a small range, which would suggest that the model needs to be extremely accurate in 
order to be successful.  In other words, the sensitivity analysis determines the level of uncertainty 
the model can have before it breaks (Middleton 2010). 
  
28 
One method to perform a sensitivity analysis is to model sales (or any other variable 
discussed above) in a spreadsheet.  In this scenario, total sales is the variable that changes.  A 
best-case scenario is created and a worst-case scenario is created, based on assumptions about 
how much the variable can change.  The variables are the total profit per unit for the pretreatment 
filter - in the company’s control, and the number of units sold - out of the company’s control.  
This creates the range for the sensitivity analysis.  This information is then analyzed to determine 
if the range is large or small for the given scenario (Middleton 2010). 
 
2.1.11 Intellectual Property 
Intellectual property is a major consideration for any new product. This subject requires 
investigation into the current patent market to ensure there are no existing patents on the design. 
This is easily performed through a search of the USPTO website to reinforce that the design and 
its components are unique. This investigation prevents future licensing issues (Schechter 2003). 
One type of intellectual property is a patent; these are frequently applied to inventions. To 
acquire a patent, it is required that the design be novel, useful, and non-obvious. These 
requirements are easily met by new inventions. The disadvantage of a patent is primarily the 
expense. Obtaining a patent requires a sizable investment and the patent is only valid inside one 
country. To obtain a patent in multiple states increases the cost which can easily rise to tens of 
thousands of dollars. In addition to the cost of the patent, the owner must protect the patent 
themselves, increasing the cost (Schechter 2003).  
A patent is the most likely form of intellectual property to be used. The steps that the 
filter uses would be defined as a filter process. This process could be patented which would then 
prevent anybody else from using the same system. The patent could then be sold to a company, 
which would be licensing, or a company could be formed around the patent. The main cost of 
this process is the cost of ensuring that nobody else is using the patent, because they are self-
policed.  
A patent would be the only way to protect the filter design from any competitors trying to 
reproduce the product.  In this case, it is unlikely that the filter design would be able to gain any 
kind of patent protection.  The design itself is used in other filtration systems with various 
applications.  This breaks the non-obvious clause of a patent and therefore would make it highly 
difficult to gain protection. 
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2.2 Business Plan for WERC 
WERC is a competition sponsored by New Mexico State University.  Every year they 
provide students with a number of tasks that are intended to challenge the students in designing 
new environmentally friendly technologies that solve real-world problems.  The focus of this 
competition is on the design and results for the Task the team is competing in; however, financial 
analysis is required, thus creating a need for a very brief business plan. 
An abridged business plan was created for the WERC competition. This business plan 
included a company summary to provide the judges with an overview of the organizational 
structure; competitor analysis to provide information into the market that is being entered and 
who the major players are; SWOT analysis to provide a strategic view of how the product fits in 
the market; a marketing plan and strategy to communicate the steps to properly position the 
product for the Navy; as well as payback period analysis, and a cost/benefits analysis. In addition 
to the business plan materials, investigation into disposal options was also performed.   
The goal of this plan was to highlight the advantages of the new system.  Financial 
analysis was necessary to prove that the project was viable, but was very brief so as to not detract 
from the engineering information.  The business plan was required to be about two pages and 
therefore much more brief than the full strategic plan found in Appendix A that was created for 
the MQP.  During the research to create the WERC business plan, it was concluded that creating 
a business unit within a larger company would be the most feasible organization to perform this 
commercialization.  Due to competition restraints, an existing company was not able to be 
considered and therefore the fictional company Barker H. was created.  Clean and Green 
Systems, the business unit producing this pretreatment system is a subsidiary of Barker H.  
Barker H. is modeled after an existing company so that its potential actions and past history are 
realistic and not simply tailored to the needs of the overall project.  The paper for the WERC 
competition can be found in Appendix B. 
 
2.3 Objectives 
Based on the feasibility analysis, several overall scenarios were evaluated for further 
development. The scenarios evaluated were creating a company or licensing the pretreatment 
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technology. Feasibility was then determined by whether or not there was a relatively high 
probability of profits, based on our projections. The possibility of expansion/scalability was also 
taken into account. All of this information culminated in a strategic plan which was the basis for 
the conclusions made about the pretreatment system. The objectives of the project were: 
 Determine feasibility of multiple business structures 
 Create a strategic plan for the most feasible structure 
 Determine likelihood of success 
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3 Methodology  
The overall objective of this project was to evaluate the current water filtration industry 
as well as the Navy as a target market for a redesigned pretreatment system to be used for reverse 
osmosis systems. After this evaluation was complete and a final pretreatment design had been 
chosen, all costs were evaluated in order to determine the cost savings that would be able to be 
offered to the Navy. These costs were also used to create a feasibility analysis that determined 
how the company selling to the Navy would be structured. The final materials were presented at 
the WERC Design Competition in New Mexico, March, 2010.  
In addition to materials submitted for the WERC Design Competition, all research and 
calculations were used to create the paper submitted for the MQP requirements as well as a 
Strategic Plan for the hypothetical business unit of Clean and Green Systems (CGS) – a unit of 
Barker H. (a hypothetical global company created for the WERC competition). This Strategic 
Plan is intended for CGS internal use in the commercialization decision of the pretreatment 
system for RO.  
In order to achieve these objectives, the following goals were set: 
 Research the water filtration industry to determine need and understand the 
competitive landscape. 
 Research how the Navy makes purchasing decisions and conclude what would entice 
the Navy to purchase this product over that of the competitors. 
 Research and evaluate all costs, environmental impacts, and benefits to create a 
feasibility analysis and strategic plan that includes such documents as payback period 
analysis, financial projections, cost/benefits analysis, company structuring, and 
marketing strategy. 
 Create a sensitivity analysis and determine a course of action. 
3.1 Background Research 
In order to complete this project, background research was necessary to allow us to 
determine as much as possible about the current industry.  This industry background provided 
information on how current sales are conducted, who currently produces filtration systems, and 
who the potential buyers are.  The majority of this research was conducted online using various 
keywords to narrow down companies involved in the industry.  Investigating the companies 
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listed as competitors for some of the companies found also led to more information about the 
industry as a whole. General knowledge that was needed to complete this project included 
information on sensitivity analysis, structure of strategic plans, forecasting, and financial 
analysis. This information was gathered primarily through textbooks and library materials. 
Due to the nature of this product, various environmental regulations and waste 
procedures were researched by using the EPA website as well as news articles.  This activity 
ensured that the product met all governmental and environmental regulations. 
 
3.2 Cost Gathering and Analysis 
The next goal was to determine all of the costs for this opportunity.  The first step to 
achieve this was to document and research the material costs.  This was followed by determining 
the costs for installation and maintenance.  All of these costs were compared with the current 
costs of the Navy’s cartridge system to calculate savings.  In addition to the costs and savings, 
sales forecasting also took place at this point.  The sales forecasting estimated the potential 
revenue received from sales.  
A bill of materials was generated after the engineers finalized a design for the full-scale 
system. Costs for each material were researched utilizing on-line marketplaces, companies 
manufacturing the necessary materials, companies involved in the industry, as well as experts 
involved in the industry.  This combination provided us with multiple sources for each 
component in an attempt to make sure the prices were accurate.  This information can also be 
found in section 4.1 Cost Analysis. 
 These prices were combined with the information that the engineers provided about the 
lifetime of certain materials in order to determine yearly costs for materials and maintenance. 
 
3.3 Sales Forecasts 
 Sales were considered for three different company structures – a design firm, a startup 
manufacturing company, and a business unit inside of a larger company. However, different 
structures were eliminated based on the market research and cost information that was gathered 
in Chapter 2. 
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 The design firm was eliminated on the basis that the RO pretreatment would not be able 
to gain a patent.  Without a patent, nothing could be sold.  In addition, a design firm would 
probably be interested in selling a design of higher value.  This design has a relatively low value 
because the market is not highly competitive or rapidly changing, and again, the product lacks 
the ability to be considered intellectual property. 
 A startup manufacturing company was eliminated on the basis that a small company 
would be too reliant on a single sale.  The Navy is the main target market, but if sales were 
missed then the startup company could end very quickly.  In addition, a small company has little 
to gain from obtaining a contract with the Navy which offers a small, finite number of sales. A 
startup company would also not want one of their first products to be something that is not able 
to be patented. 
 A business unit inside of a larger company was the logical choice based on what the 
company would have to gain.  The filter system would not create extensive revenue based on the 
information obtained; therefore the goal of selling to the Navy can be viewed as a stepping stone 
to gain other potential contracts. Benefits of this structure are highest when a company has very 
diversified product lines. 
 After this elimination process was completed, a sales forecast was calculated for the 
business unit inside of a larger company because the other scenarios were determined to be 
infeasible based on factors unrelated to total sales. Due to the unavailability of information about 
the potential numbers in other markets, this forecast was completed under the assumption that 
the U.S. Navy would be the only customer for this specific pretreatment unit. 
 In order to calculate the sales forecast for this scenario, it was necessary to determine the 
demand from the Navy for this product. During the background research for this project, 
approximately 150 ships, either existing or being planned, were identified as vessels that require 
an RO system. It was assumed that the Navy would purchase all of their pretreatment systems for 
these 150 ships from this company. The total revenue from this contract would then simply be 
the price of the pretreatment system multiplied by 150 ships. 
3.4 Alternative Applications 
The technology behind the redesigned pretreatment system could be more profitable if 
applied to other uses. The technology has existed in other markets for quite some time, such as 
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home fish aquariums; however, applying the technology to the pretreatment for RO market is a 
new application. 
Both teams (engineering and management) brainstormed other possible applications for 
the technology and it seems as though there are no other new applications for this technology 
other than water filtration. However, in terms of the water filtration industry, the filter design is 
not radically different than what exists in the industry currently, so each application would need 
to be considered as a separate case. 
3.5 Project Completion  
At this point the data collection period was completed.  The total savings for the Navy as 
well as payback period had been calculated.  A sensitivity analysis was performed in order to 
determine how robust the numbers were.  After this, the strategic plan was written and analyzed.  
The strategic plan was a culmination of all the numbers collected and calculated, as well as the 
market research that was gathered. 
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4 Results & Analysis 
The results presented here demonstrate the findings of research performed to evaluate the 
feasibility of bringing a redesigned pretreatment system for RO to market. This research 
concentrated on evaluating the industry and competitors to create a competitive business 
strategy. A bill of materials had to be created for this product in order to evaluate a proper selling 
price; other factors were also taken into consideration, such as transportation, assembly, 
maintenance, total investment, and payback period. 
 
4.1 Cost Analysis 
Cost analyses were performed on several different types of material, some of which were 
not used in the final design. The cost analyses took into account the cost of the materials, current 
shipping rates, and the cost of contracting steamfitter services. The results of these analyses, 
based on the final design, are shown below. 
 
4.1.1 Materials 
 A list of materials was provided by the engineers to evaluate the various costs of 
materials.  Table 1 displays this list of materials as well as the final prices. Costs for each 
material were researched utilizing on-line marketplaces as well as historical data on industry 
pricing. (Following the table is an explanation of how each price was concluded).   
 The list of materials enabled the engineers to determine which material costs were worth 
the benefit in order to meet the product requirements.  The final material decisions were used to 
determine the quantity of materials and finalize the costs.  The engineers also provided 
information on the lifetime of several items related to the filtering process to help determine 
annual costs.  
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Table 1. Bill of Materials 
Item  Cost 
Pipes w/fitting and valves  $7,150 
Pumps  $800 
In-line Turbidimeter  $2,500 
Chemical Feed System  $1,400 
Cartridge Filter  $370 
Tank  $5,000 
Sand  $200 
GAC  $480 
Alum  $380 
Transportation $1,910 
Total  $18,280 
 
4.1.1.1 Explanation of Costs 
The majority of materials’ prices were found on-line through wholesalers to ensure the 
lowest prices.  The pipes, pipe unions, elbows, valves, and pumps were researched at both 
McMaster-Carr and Grainger online.  The prices were reasonably close (less than $50 difference) 
so the prices used for calculations are either an average or taken directly from McMaster-Carr 
because of ease of navigation.  The chosen pumps, in realistic operation, are approximately 
double the necessary capacity to ensure longer life as well as provide extra capacity. 
 The chemical feed system was found at Madden Manufacturing Inc., online.  This price 
was unable to be compared to others because pricing the chemical feed system generally requires 
very specific information that was never obtained. 
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 The cost of the turbidemeter was found at Global Water Instrumentation Inc., online.  
This price was compared against those at Optek.  Optek’s pricing was higher; however, the 
turbidemeters were used for lab equipment rather than industrial use, therefore the less expensive 
price was used because it fits the proper use. 
 The price of the cartridge filter was taken from Drillspot, online (a general site for home, 
commercial, and industrial equipment).  It was known that Parker produces these kinds of filters 
and an on-line search found a filter that fits the necessary requirements.  The price was 
confirmed by searching the model number on Google.  
All other material prices were found through Professor Jeanine Plummer’s contacts. Two 
contacts confirmed the given prices with only one major difference, which Professor Plummer 
confirmed was most likely a mistake, thus was not taken into consideration.  
 Total material costs are calculated by “cost X units needed”.  Sand to GAC is a 5:1 ratio, 
therefore units of sand is GAC multiplied by 5.  The alum required some different calculations 
for units needed because it was given as 50mg/L.  Essentially 1 unit is equal to 50mg, so it is the 
number of doses needed for 9 months.  The last major assumption is that one month is 30 days, 
resulting in 270 days in the 9 month estimates. 
4.1.2 Shipping 
 Weight was estimated for each item in order to determine the total shipping costs.  The 
rate for coast to coast shipping was estimated at $0.87/lb.  This rate was used with the estimated 
weight in order to determine a shipping cost.  The maximum possible distance was used in 
shipping calculations to create a built in contingency cost for shipping. The $75 per hour 
shipping cost was provided by an industry contact of Professor Plummer.   
4.1.3 Wages 
 The average salary of an enlisted member of the Navy was found to be $1,900/month.  
This number was used to generate an estimated maintenance cost.  The current system requires 
four hours to replace a cartridge.  This number was kept as the amount of time for the new 
system’s cartridge, however the number of replacements needed is greatly reduced resulting in a 
savings of approximately $260. Some of the media filter materials would need to be replaced 
annually.  It was determined that this process would require approximately six hours - it would 
involve removing a used material and replacing it with the new material.  The final yearly 
maintenance was the sum of these two numbers, approximately $300.  Installation was 
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determined to be done by a steamfitter.  An upper level steamfitter makes $30 an hour plus 
benefits.  It was determined that this system could be installed in two days with three 
steamfitters.  Therefore the installation would cost $1,800. 
4.2 Sales Forecasts 
 Sales were considered for three company structures – a design firm, a startup 
manufacturing company, and a business unit in a larger company.  
 In the case of a design firm, the schematic of the green RO pretreatment would be sold as 
the product. The initial cost of the design was determined to be $100,000 based on the amount of 
hours spent researching and testing the design, as well as the materials used to design the 
prototype. It was also determined that it would be appropriate to charge $100 a month for 1 year 
for royalties.  
 A startup was deemed infeasible; therefore there would be no sales (see section 3.3). 
 In the case of a business unit in a larger company, total sales were determined by 
evaluating which Navy vessels were candidates for an RO system. There were found to be 150 
vessels – this number would remain constant because the Navy has determined that number to be 
the optimal amount of vessels unless a need arises to construct more. Because there are 150 
vessels, this has the potential to result in the sale of 150 units. (See Appendix A for all sales 
forecasts). 
4.3 Payback Period 
The redesigned RO pretreatment offers a yearly savings of $18,830 over the current 
cartridge filter system. This savings is realized through the decreased materials and maintenance 
costs (see Table 2). 
Payback period is determined as a function of yearly savings over total initial cost of the 
new system. The U.S. Navy’s investment would be recovered in 19 months (see Table 3).  This is 
discussed further in Chapter 2 of Appendix A. 
 
Payback period = Yearly Savings / Total Initial Investment 
1.60 = $18,830 / $30,200 
1.60 = 19 months 
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Table 2. Cost / Benefits Analysis 
Costs 
Current Cartridge Filter 
Pretreatment Redesigned RO Pretreatment 
Cost of Materials/year $19,600  $3,070 
Maintenance costs/year $2,900  $600 
Total Cost $22,500  $3,670 
 
The following costs were calculated using the bill of materials and the wages explained in 
section 4.1 Cost Analysis. 
Table 3. Total Initial Investment 
Purchasing Price $21,200 
Construction $1,800 
Initial Materials $5,600 
Contingency Cost $1,600 
Total Initial 
Investment 
$30,200 
Payback Period 19 Months 
 
4.4 Lost Revenue Resulting from New Pretreatment System 
Proceeding with the new pretreatment system project would result in a revenue loss of 
$2,865,000 due to decreased sales of cartridge filters. These numbers are calculated under the 
assumption that Barker H. is currently the provider of the Navy’s pretreatment cartridge filters. 
This assumption was made because Barker H. is modeled after an existing company that does 
provide cartridge filters to the Navy. 
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The current pretreatment system uses 91 3µ (purchasing price is $30) and 91 20µ 
(purchasing price is $185) cartridges per year, per ship. This totals 27,000 cartridge filters used 
per year for the 150 ships that likely have reverse osmosis systems. The purchase of 27,000 
filters results in revenue of $2,935,000 as the 3µ filter is $30 and the 20µ filter is $185. 
The proposed pretreatment system uses only 9 20µ cartridge filters per year, resulting in 
1,350 total filters for the assumed 150 ships. This filter is $185 as above, providing the company 
with revenue of only $250,000. The amount of lost revenue due to decreased cartridge filter sales 
is $2,685,000.  This is further discussed in Chapter 2 of Appendix A. 
 
Table 4. Lost Revenue Resulting from New Pretreatment System  
 Current Pretreatment 
System 
Clean and Green Systems’ 
Pretreatment System 
Number of filters / year 
per ship 
182 9 
Total # of filters / year 27,000 1,350 
Total Revenue for Clean 
and Green Systems 
$2,935,000 $250,000 
Lost Revenue for Clean 
and Green Systems 
($2,685,000) 
 
4.5 Disposal 
The WERC competition required an assessment of waste disposal options.  Each material 
being used in the filter design has a different method of disposal.  The sand does not have a 
definitive lifespan so it did not need to be disposed of.  The activated carbon’s disposal method 
was found to be incineration at facilities across the country (Cameron Carbon, Inc. 2010).  The 
cartridge will still be disposed of in the current method of shipping it to a landfill.  The 
wastewater from the filter process was found to be more complicated than the actual materials.  
Due to the fact that the water would have very low levels of certain chemicals in it, there is an 
issue of whether or not it can simply be discharged back into the ocean.  In certain countries, 
such as the United States, there are restrictions on where this type of discharge can take place 
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(Environmental Protection Agency 2010).  The Clean Water Act essentially states that hazardous 
chemicals cannot be put into commercial waterways.  This includes areas such as harbors and 
coastline.  However, another source stated that there is an allowable amount of the chemical that 
can be put into the water per year.  As a result of the conflicting data, the best option seemed to 
be to model the discharge guidelines after current cruise ships (Bolt 2007).  Cruise ships do not 
discharge their wastewater within 12 miles of coastlines in the U.S as a rule of thumb that 
complies with all laws.  Following this rule of thumb solves the issue of wastewater disposal. 
 
4.6 Sensitivity Analysis 
 The sensitivity analysis for the pretreatment system has two variables.  The first, which is 
easily controlled, is the price per unit.  The assumption on price is that the company would not 
want to take a loss on every unit sold.  Because of this, the minimum price is set to the total cost 
of materials and installation, $23,580.  A high for the pricing must also be set.  In order to do 
this, the payback period was adjusted to be 5 years and added to the cost of materials and 
installation.  This resulted in a high price of $93,880. 
 The second variable is the units sold.  This variable is not in control of the company and 
therefore has some control over pricing.  The minimum units sold would be zero, resulting in a 
loss of just the R&D.  Another minimum was determined that assumes some sales occur.  The 
Navy commissions about 5 ships per year.  This seems like a valid number for the Navy to use 
for testing the new pretreatment system on.  Thus five was set to be the minimum number of 
units sold.  The estimated number of ships that the Navy could install the system on was 150; 
this was the high number of units. 
 Using combinations of these variables the following table was created to display the 
potential profits/losses of the system sales. 
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Table 5. Sensitivity Analysis 
Units Sold Price Sold At Total Revenue Profit 
150 $93,880 $14 million $10.3 million 
150 $25,200 $3.8 million 0 
5 $63,580 $317,900 0 
5 $23,580 $117,900 ($200,000) 
 
 Based on this table, the potential profits have a very large range.  The largest potential 
loss is the cost of R&D; however, with the maximum number of units sold at the maximum 
price, profits are over $10 million.  The overall results suggest that the estimated number of units 
sold can be much lower while still providing profits, as long as the price can be raised 
significantly.  This analysis can be found in Chapter 6.1 of the strategic plan in Appendix A. 
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5 Conclusions & Implications 
The information above acts as a basis to make a number of decisions.  The following 
implications discuss those decisions and why they were made.  A summary of the interactions 
between the management and engineering team is also provided.  An overall conclusion was 
formed to provide a brief summary of the implications. The full set of conclusions can be found 
in Appendix A – the Strategic Plan. 
 
5.1 MQP Team Conclusions 
Throughout this project, there were several interactions between the engineering and 
management groups.  Initially, most of the interaction was simply meeting to determine what 
each group knew and what they needed to know.  By creating a mental timeline as to where both 
groups were at in the research process, we were able to exchange information that was 
considered pertinent.  In addition to the voluntary information exchange, SharePoint was utilized 
so that progress could be seen on our competition paper and poster as well as read various 
documents of interest. 
 By C-term, the work started to overlap and combine.  As a result, more interaction was 
taking place.  In addition to the weekly meetings with advisors present, there were also meetings 
every 2-3 weeks between the 2 groups, ad-hoc in order to make sure that there was a reason to 
meet.  We also planned a group dinner in order to build some cohesiveness in a non-academic 
setting.   
By D-term we were having an additional meeting every week in order to make sure 
information was as accurate as possible, as well as design the poster for the WERC competition 
in March 2010.  There was also daily communication over e-mail to prevent either group from 
getting stuck on any part of the project.  Problems did occur as the final design was undergoing 
some small engineering changes and relatively large cost changes; however, the engineers tried 
to help with cost changes, realizing that some of that information can be difficult to find. 
Once we were in New Mexico for the competition, the team was fairly cohesive.  
Problems that arose were dealt with as a group rather than two separate teams.  Both sides knew 
the mistakes that the others had made and attempted to avoid those subjects with the judges at 
the competition.  Even after the competition, email contact was maintained to make sure that the 
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final MQP reports were as accurate as possible, having learned what mistakes were made earlier 
at the competition. 
 
5.2 Implications 
This project evaluated the feasibility of implementing a sales contract with the U.S. Navy for a 
redesigned pretreatment system. Feasibility was determined based on research and analysis of market 
viability, potential financial success, and market trends. 
From a market viability perspective, this project is not very viable. This is due to the lack of 
intellectual property for this design and highly segmented competitors; every competitor that is involved 
in the pretreatment segment is trying to or has already entered into the larger overall water filtration 
industry. Currently, the buyers in this industry have a high level of power due to the existence of only 
three markets (leisure – cruise ships, government – U.S. Navy, and industrial – oil platforms).  
The potential financial success of this project represents a significant opportunity.  Based on the 
sensitivity analysis there is a very large range of what is acceptable to still provide profits.  If there are 
very few units sold, the payback period of the Navy is approximately 3 years for the breakeven point to be 
reached.  On the other hand if there are several units sold at a reasonable price, then there is room for very 
large potential profits.  In addition to this, the market provides an entryway into the water filtration 
industry as a whole.  Gaining access to this market provides a potential for billions of dollars.  Even if 
there is a 100% loss in the pretreatment filter systems that is still only a loss of $200,000, which for a 
large company is a reasonable loss in order to attempt to gain access to such a large market. 
It has been determined that in order to gain the largest profit from this project, implementation 
should occur soon. The market is currently trending towards membrane technology; however, this is 
currently still expensive. In the next 10 years, this technology will be less expensive and more feasible for 
the type of application that CGS’ pretreatment is being proposed for. 
 
5.3 Conclusion 
Based on the research performed, the implications of the market, and financial potential 
of the pretreatment filter, it makes sense to produce the pretreatment system as quickly as 
possible.  There is a real market for the system and the U.S. Navy has expressed interest in 
replacement.  A contract with the Navy would not require the inclusion of the full fleet to provide 
large profits.  In addition, any contracts with the Navy provide an entryway to future water 
filtration contracts in the military as a whole.  There are multiple competitors that could produce 
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a similar system; however, the technology itself will be replaced within about ten years because 
of advances in membrane technology.  Therefore attempting to make large contracts with the 
Navy quickly, makes sense, given that the total potential loss is only $200,000, but the potential 
gain is millions if the goal is to gain a military contract.  If the goal is simply sales, it makes 
sense to invest the $200,000, but retain the research so that a product would be ready to compete 
if needed.  The loss of the current cartridge sales results in losses of approximately $2.6 million 
and the risk of selling the new product is greater than the risk of continuing cartridge filter sales. 
Note: the full set of conclusions can be found in the Strategic Plan in Appendix A. 
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1 Executive Summary 
Clean and Green Systems has created a new pretreatment system for reverse osmosis 
that provides a large potential profit if a contract with the U.S. Navy can be obtained. The 
Navy has expressed interest in replacing their current cartridge pretreatment systems 
soon; however, any new system must meet specific requirements in order for 
consideration of adoption. 
The newly designed system will provide the Navy with $18,830 in yearly savings, per 
installation, versus the current cartridge system. The results of sensitivity analysis (see 
section 6.1) show that profit can be adjusted throughout a large range to adjust the 
amount of profit that CGS could receive. At a 10% profit margin, selling 150 units to the 
Navy, profits would be approximately $228,000. Additional benefits of this project 
include opening up the potential for new contracts, not only with the Navy, but other 
military branches as well. Barker H. offers many technologies that could be of use to the 
Army, other areas of the Navy, as well as the Marine Corps. 
The industry has few competitors; however, they are strong competitors that are all 
competing in the same space that CGS would be trying to occupy. Because there are only 
three main markets in the water filtration industry – buyers also possess a high level of 
power which could have price implications. 
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2 CGS’ Pre-RO Product Description 
The following sections detail the product development of a pretreatment system for 
reverse osmosis to be sold to the Navy. This product has been developed within Clean 
and Green Systems – the water solutions division of Barker H. Barker H. is a global 
company selling to mobile, industrial markets. 
 
2.1 Current Need 
The U.S. Navy uses pretreatment followed by reverse osmosis (RO) for producing 
fresh water on sea vessels. The current pretreatment system is two cartridge filters in 
series with pore sizes of 20 µm and 3 µm. Such pretreatment is sufficient at sea, but in 
the coastal waters the filters foul quickly. On average, the cartridges need to be replaced 
every four days, leading to four hours of off-line time for each replacement. These 
cartridges are not reusable and require a significant storage area until they can be 
disposed of at shore. There is a large need as well as significant demand in the current 
market for a pretreatment process that offers a smaller footprint and a reduced energy 
requirement. 
2.2  Approach 
The product created by this project not only offers a smaller footprint and reduced 
energy requirement but also produces significantly less waste while requiring far less 
maintenance. The proposed system takes in seawater and adds small doses of alum and 
HCl to control the turbidity levels.  The water is then pulled through a media filter of 
activated carbon and sand through the aid of gravity and a pump.  This process removes 
most of the particulates and turbidity in the water.  Then the water is pulled through a 
cartridge filter to ensure removal of organic compounds.  This filter acts as a safety net 
for anything that may have passed through the media filter.  In addition, the cartridge 
filter removes anything living in the water.  After the water has passed through this entire 
process, it meets all the requirements of the Navy for drinking water.   
The media filter is cleaned through backwashing and the cartridge filter is replaced 
through the same process as the current systems. This design can be seen below in Figure 
1.  General market requirements will be slightly different than those of the Navy.  
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Figure 1. Technical Drawing 
 
2.3 Benefits per Costs 
Table 1 below displays the forecasted income statement for the entire Navy 
pretreatment contract. This contract is assuming sales for 150 pretreatment units at a 
purchasing price of $25,940 per unit. (The purchasing price is the same for all units 
sold to the Navy). This purchasing price includes a 10% profit margin on top of the 
materials cost – material expenses per unit equal $23,580 providing for a profit per 
unit of $2,360. The 10% markup could certainly be increased up to 200% to provide 
for a higher profit per unit – this will be further explored in Financials (section 5). 
Research and development costs account for the team of four professional 
environmental and civil engineers for five months of work at a monthly salary of 
$5,800, as well as the consultation of one business development manager for one 
month at the monthly salary of $9,400. (These monthly salaries are the median given 
for these positions by SalaryWizard.com and Payscale.com). 
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Table 1. Income Statement for Total Navy Pretreatment Contract 
Total Revenue $3,890,700 
Expenses  
R&D ($125,400) 
Materials ($3,537,000) 
Total Expenses ($3,662,400) 
Gross Profit $228,300 
 
Given the total forecasted revenue of $3,890,700 and total forecasted 
expenses of $3,662,400 – the forecasted profit for the Navy contract is $228,300 
given a 10% profit margin.  
While the forecasted profit for this project is not large, there are some additional 
benefits that can be gained through this endeavor. This project could be considered a 
strategic decision in order to facilitate further relationship building with the Navy. 
Barker H. offers many products that could be of interest to the Navy and therefore 
would garner more profits in the long-term. 
 
2.4 Lost Sales Consideration 
An important factor to consider when determining whether or not to go through 
with this project is the lost sales of cartridge filters that would result from 
implementing this system; which uses only 9 cartridges per year per ship versus 182 
per year per ship in the current system. This is assuming that the Navy currently 
purchases all of their cartridge filters through Clean and Green Systems (see Table 2). 
(This assumption was made because Barker H. is modeled after an existing company 
that currently sells cartridge filters to the Navy). 
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Table 2. Lost Revenue Resulting from Decreased Sales of Cartridge Filters  
 Current Pretreatment 
System 
Clean and Green Systems’ 
Pretreatment System 
Number of cartridge 
filters / year per ship 
182 9 
Total # of cartridge filters 
/ year (150 ships) 
27,000 1,350 
Total cartridge filter 
revenue for CGS / year 
$2,935,000 $250,000 
Lost cartridge filter 
revenue for CGS / year 
($2,685,000) 
 
2.5 Industry Overview 
The number of companies that offer water filtration systems for coastal ships is 
relatively small and includes Aqua Pro, ITT Corporation, and RWO. All three of these 
organizations serve the military, commercial, and leisure marine markets. Aqua Pro’s 
systems are currently in use on the most advanced U.S. Navy ships (Parker, 2010). ITT 
Corporation is the leader in the petroleum industry and RWO receives its profits from the 
onboard ships and offshore facilities markets.  
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3 Marketing  
We used Michael Porter’s Five Forces Model to analyze the current market and the 
important factors to consider while deciding on the potential marketing opportunity.  This 
kind of analysis brings attention to the different aspects of the market that will affect the 
sale of a product in terms of profit potential.  By analyzing the different forces, 
weaknesses and strengths are discovered. 
 
3.1 Supplier Power 
The first force is supplier power.  This power has been minimized.  Items such as the 
filters and pumps are produced in-house by our parent company, minimizing the chance 
of any price change or change in supply.  If there was a change in supply, there are 
multiple companies that make both of these items.  Items such as pipes, tanks, and other 
water handling supplies have many vendors.  This is also true for the materials used in 
the media filter.  Sand and activated carbon can easily be found at many vendors.  The 
only items that have a limited number of potential vendors are the electronics, such as the 
turbidimeter.  These will be purchased from Siemens because it is a large, reliable 
company that is not likely to change prices; however, if their pricing were to get too high, 
there are a few other vendors to purchase from in order to control cost.  Overall, the 
supplier’s power is minimized because the materials being used are either produced in-
house or are so commonplace that any rapid change in price or supply can be fixed by a 
quick change in vendor. 
 
3.2 Buyer Power 
Buyer power is a main concern.  There are three main markets for a pretreatment 
filter system; the U.S. Navy, oil platforms, and leisure vessels.  Oil platforms represent a 
large potential market with over 700 platforms in the Gulf of Mexico alone, but these 
platforms are in water that does not utilize the advantages of our pretreatment system.  
Our system is an improvement when placed in turbid, coastal waters.  Oil platforms are 
generally located off the shore in much cleaner water where the current cartridge system 
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performs very similarly to ours.  Since these platforms are semi-permanent structures 
they are not moving around and do not really require a change in systems. 
Leisure vessels, or cruise ships, are also a potential market.  In the next year there will 
be 20 new ships built and there are already hundreds sailing the world.  Not all leisure 
vessels are using an RO system.  Some carry tanks of clean drinking water that they 
simply refill at ports as they make stops.  This makes it difficult to determine the 
potential market of these ships without further research, however there is a potential 
market. 
What is left is the U.S. Navy.  With about 150 ships using RO systems, the Navy is a 
great initial customer.  They have already expressed interest in upgrading the current 
cartridge filter system because of its issues in coastal waters.  In addition to this, they 
have supplied specifications for what they would like to see in a new system.  Our system 
meets all of these goals and specifications.  The Navy may also act as an entryway to 
other U.S. Military contracts. 
Pursuing only one potential buyer gives the buyer a lot of power.  The buyer is able to 
dictate overall terms of any deal, unless the benefits are great enough that the buyer has 
no other alternative.  Because there is a lack of potential in other purchasers, we must 
make deals with the U.S. Navy.  However, there is a high benefit from the U.S. Navy 
since there is a potential to gain many other contracts, so a potential loss is acceptable. 
 
3.3 Competitive Rivalry 
Competitive rivalry is the ability for a competitor to offer a better deal while 
achieving the same goal for the customer.  In the RO pretreatment field there are three 
main companies, each in its own segment.  The chart below displays these companies and 
their segments. 
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Table 3. Competitor / Segment Matrix 
Company Segment 
ITT Corporation Leisure 
Vessels 
RWO 
Corporation 
Oil Platforms 
AquaPro U.S. Navy 
  
This segmentation shows that there is a complicated situation as far as competition is 
concerned.  Each company seems to specialize in their own segment.  This is likely a 
result of the RO systems for each type of vessel in these segments being vastly different 
sizes and having different output requirements.  This complicates who is a competitor. 
AquaPro is a direct competitor since they provide for the U.S. Navy and that is our 
target customer.  AquaPro was recently acquired by Parker Hannifin, a large global 
company.  This makes their structure very similar to ours.  However, their pretreatment 
system is the standard cartridge system that is being used now.  As a competitor, it is 
possible that they provide an attractive option for the U.S. Navy.  To mitigate the risk that 
they pose it is essential to provide our system at a lower cost or provide far greater 
savings than their system. 
ITT Corporation and RWO Corporation are still potential competitors.  For a 
pretreatment system theirs are essentially the same as AquaPro’s and therefore can easily 
act as an option to the U.S. Navy.  It is unknown if these companies have any interest in 
doing so, but the risk of them competing for a Navy contract exists. 
Another threat from the competition is their ability to create a new system.  This kind 
of information is kept internal at these companies, however it is likely that they have 
researched water filtration in general to the extent that they could quickly design and test 
a new system if the need existed. 
Overall, while there are not a large number of competitors making these systems, it 
seems that the ones that are have locked themselves into a segment.  This could be an 
indicator that once a company gains traction in a segment, they are able to adjust their 
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prices to maintain competitiveness.  This makes competitive rivalry a very strong issue 
that is difficult to deal with. 
 
3.4 Threat of Substitution 
The threat of substitution in this case is real.  There is the potential for membranes to 
replace the existing technology for the pretreatment systems.  While currently this 
technology requires too much power for most applications to use, it is projected that 
within about 10 years the energy requirement will be reduced and membranes will 
become competitive.  The membrane technology essentially provides the same abilities 
that our system does, but it does not require any cartridge filters.  Therefore it is a 
onetime cost and provides an entirely different pricing model than the current systems.  
Until that technology’s costs are comparable with the current systems, it is not a valid 
substitute.  There are no other real substitutes because the water filtration industry is not 
rapidly changing and the future technologies are relatively known. 
There is a possibility that the current technology could be retained; however, it would 
be replaced in the near future as membranes become more feasible. The Navy has made it 
clear that they are looking for a better system than the current one in use. 
 
3.5 Threat of New Entry 
The threat of a new entrant in the industry is a real possibility.  There are very few 
barriers to actually prevent a company from entering the market.  There is little 
intellectual property from creating very similar systems to what is already there.  
Inherently the pricing would be very similar since the products would be very close to 
one another.  However, it is unlikely that any company enters the market to only produce 
pretreatment filters.  A large company that wants to enter the water filtration industry as a 
whole would enter the market, since it is part of the overall filtration process, but the 
specific market of pretreatment filters would not likely have very many new entrants. 
3.6 Purchasing Techniques 
The U.S. Navy would be purchasing these pretreatment systems through a bidding 
system on new ships and ships being renovated.  The bidding purchase is a result of the 
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type of equipment and the cost.  This makes it a requirement to provide savings over a 
competitor. 
3.7 Conclusions 
The marketing strategy for the pretreatment filter must be designed to act as a stepping 
stone in the overall water filtration industry for our parent company – Barker H.  As a 
result, the target customer should have a large need for water filtration beyond just RO 
systems.  The U.S. Navy is the only customer that meets these criteria.  The Navy uses 
water filtration on ships, but also provides water filtration on land in emergency situations.  
The Navy acts as a stepping stone to the overall U.S. military that uses water filtration in 
third world countries all over the world.  There are other markets for potential sales as well.  
These act as opportunities to expand, but would likely not be successful as primary market 
opportunities for the reasons discussed above. 
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4 Management  
Participants of the pretreatment project include the R&D team of four professional 
civil and environmental engineers as well as one business development manager. These 
are full-time employees of CGS. CGS is a matrix organization and these employees have 
been placed on the pretreatment project for approximately 5 months; if this project 
continues to market, their involvement will be reevaluated. Various consultants and 
advisors provided insight and feedback throughout the duration of the project; however, 
this input was not considered a cost of the project as these professionals were not 
compensated. 
The engineers and the development manager will be compensated in the same manner 
as usual. This project is under their regular division, Clean and Green Systems, and this 
project would be their primary focus for five months. The compensation breakdown can 
be found above in Table 1. 
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5 Financials 
Total costs were determined using the following bill of materials (these are the total 
costs for one system’s complete materials):   
 
Table 4. Bill of Materials for Pretreatment 
Item  Cost 
Pipes w/fitting and valves  $7,150 
Pumps  $800 
In-line Turbidimeter  $2,500 
Chemical Feed System  $1,400 
Cartridge Filter  $370 
Tank  $5,000 
Sand  $200 
GAC  $480 
Alum  $380 
Transportation $1,910 
Total  $18,280 
 
 Multiple sources were used to determine the pricing for each of these items in an 
attempt to report the most accurate prices.  In addition, some of the items have multiple 
units.  Transportation, in this case, assumes that everything is being shipped only within 
the United States and from coast to coast.  Because the target customer is the U.S. Navy, 
this assumption should not be a problem. 
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 Aside from materials, the other main cost is installation.  To determine the 
potential costs, it was estimated that installation would require three steamfitters 4 days to 
complete the installation.  Based on average salaries and an additional 25% for benefits, a 
steamfitter would be paid $37.50 per hour.  This results in $3,600 for the installation of a 
system. 
 A contingency cost was also included.  This cost would allow for market 
variations in shipping and materials.    In addition to this, not all ships would require the 
same materials, as far as piping goes.  This cost provides a cushion for any increase in 
this cost.  It was determined that 10% of the total materials cost would provide a 
substantial contingency cost to handle these variations, approximately $1,700. 
 
Table 5. Initial Costs 
Unit Cost $16,850 
Construction $3,600 
Initial Materials $1,430 
Contingency Cost $1,700 
Total Cost $23,580 
  
The costs in Table 5 represent the costs without any profit.  Through discussions 
with the engineering team, the lifetime of the different materials was determined.  Most 
of the materials should last the lifespan of the entire system.  The only materials that 
require replacement are the cartridge filter, the GAC, and the alum.  Alum and GAC are 
both on a once a year replacement period while the cartridge filter needs to be replaced 
every 45 days.  The same shipping costs are applied to the materials as before and 
replacing these materials should cost approximately $3,070 per year.  This is in 
comparison to the current system that requires two cartridge filters to be replaced every 4 
days.  One of their cartridge filters is the same as the filter used in CGS’ system, while 
the other is a $30 filter.  The total cost of the current system per year is $19,600.  These 
costs can be seen in Table 6. 
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 Changing these cartridges and filter materials requires manual labor.  To 
determine this cost, average Navy salaries for enlisted sailors were used.  This resulted in 
estimated pay of $1,900 per month.  It requires 4 hours to change one of these cartridge 
filters and on the current system this is necessary every 4 days, resulting in a maintenance 
cost of $2,900 per year to change these filters.  CGS’ system reduces the cartridge 
maintenance, but was determined to need an additional 12 hours per year for the addition 
of chemicals and replacing the media.  The resulting cost is estimated to be $600 per year.  
The savings results of CGS’ system versus the current Pre-RO can be seen below in Table 
6. 
 
Table 6. Costs of the Current Cartridge Pretreatment vs. CGS’ Pretreatment 
Costs 
Current Cartridge Pre-
RO CGS’ Pre-RO 
Cost of Materials/year $19,600  $3,070 
Maintenance costs/year $2,900  $600 
Total Cost $22,500  $3,670 
 
Payback period was determined to be the proper method to calculate how long it 
will take for the savings to recover the initial investment.  Payback period is calculated by 
dividing the initial costs by the annual savings.  Without any profit margin included in the 
purchasing price, the total payback period for the system is 15 months.  This is a very 
short payback period, which leaves a lot of room to increase profit.  We determined that 5 
years would be the maximum amount of time for payback that the Navy would consider.  
The following chart shows the different price points based on adjusting the profit and 
payback for the purpose of visualization. 
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Table 7. Payback Period based on Adjusted Profit 
Cost Profit 
Payback in 
Years 
23,850 13,810 2 
23,850 32,640 3 
23,850 51,470 4 
23,850 70,300 5 
 
 
By adjusting the payback period we can create additional profit, creating a more 
attractive business venture.  Five years is a reasonable payback period that provides 
$70,300 in profit by charging $93,880 per system. 
Overall the potential profit is available because the materials cost is low and the 
savings benefits are high.  The ability to adjust the price within a wider range provides an 
opportunity to handle competitors as well as negotiate with customers. 
  
  
69 
6 Critical Risks 
6.1 Sensitivity Analysis 
The critical risks stem from potential sales.  Since the U.S. Navy is being 
considered as the main potential market there are a defined number of systems that can be 
sold.  This creates two problems.  The first is the issue that 150 systems may not be sold, 
since the Navy might not want to install the system on all of their ships.  The other main 
concern is how much variability in pricing is allowed for the project to still be viable.  
Selling to the Navy requires the ability to change the price of the product in order to 
maintain a competitive bid. 
The first issue to handle is the variable price.   The pretreatment system could 
potentially be sold without any profit if Barker H. determined that the market was 
important enough.  This creates a low-price of $23,580.  On the other hand, 5 years of 
payback is likely considered a reasonable period given that many of the ships are used for 
a minimum of 20 years.  This suggests that $70,300 of profit makes sense, with a cost to 
the Navy of $93,880 per unit.  This creates a very large range of potential prices to 
negotiate with. 
The next problem is the assumption that the Navy will purchase units for each one 
of its potential ships.  The high number is obviously 150, since that is the maximum 
number of units they need.  The low number has little potential data to determine a real 
number from.  Because the Navy builds about 3-5 ships per year, it is reasonable to say 
that they would use 5 ships as tests for the new system.  So the high number is 150 units 
and the low number is 5 units. 
Table 8. High and Low Profit Values 
Units Sold Price Sold At Total Revenue Profit 
150 $93,880 $14 million $10.3 million 
150 $25,200 $3.8 million 0 
5 $63,580 $317,900 0 
5 $23,580 $117,900 ($200,000) 
 
From the above chart there are obviously some extremes in potential profit based 
on units sold and the price they are sold at.  Based on negotiations for how many units 
will be sold, the price will be determined.  The overall price does not need to be very high 
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to breakeven.  However, by referencing Table 7, one can see that even at low levels of 
profit, it does not take that many units to breakeven.  
6.2 Market Risks 
The major risk that is present is the ease for other companies to create competing 
products.  CGS’s pretreatment system is not likely to gain any intellectual property 
protection.  The technology exists already in water filtration and it would be unlikely that 
this use would be considered new enough to gain a patent.  This creates the issue of 
forcing large contracts.  If sales were done on a per-unit basis then a competitor could see 
that this new system is gaining the market and simply produce the same system.  Once 
other companies are producing the same systems, as they are currently, the same market 
segmentation will likely occur and whoever has sold the most systems to any given 
market would likely have control over that market. 
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7 Conclusion 
Based on the above analysis we have determined a course of action.  We 
recommend that Barker H. invest in the R&D of this new system.  This was estimated to 
be only $200,000.  We do not recommend that the product be immediately introduced.  
Given the lack of patentability on the system, in combination with the low investment 
cost, it seems that the best course of action is to be ready to introduce the system, if 
someone were to create a low cost system, but not to start selling this system 
immediately.  This is because the implementation of the new system results in $2.6 
million of missed opportunity in cartridge sales.   
However, if Barker H. does want to enter into larger military contracts, this is a 
very inexpensive opportunity to do so.  If that is the goal of the company then sales of the 
system should occur as quickly as possible in order to maximize the amount of time 
before membrane filtration’s costs are reduced. 
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Appendix B. WERC Report 
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1 EXECUTIVE SUMMARY 
U.S. Navy ships currently employ reverse osmosis (RO) as the method of desalinating 
water for use as potable water on sea vessels. RO desalination is very effective; however, it is 
subject to scaling and fouling, which reduces the lifespan of the membrane and increases cost. 
The current pretreatment system for the RO is cartridge filtration. While the cartridges meet the 
pretreatment goals in terms of water quality, they require significant storage space and off-line 
time for maintenance.  
Clean and Green Systems (CGS) has developed a pretreatment alternative that 
successfully meets pretreatment goals for water quality, and requires significantly less off-line 
time. It also requires minimal energy input and less floor space than the current system. The 
proposed system consists of a dual media filter, filled with 3.1 feet of sand and 0.6 feet of 
granular activated carbon (GAC). The media filter is followed by a 20 µm cartridge filter. 
Duplicate treatment trains are provided so that the system can produce treated water 
continuously during maintenance. Backwashing of the media filter is automated, and the water is 
diverted to the second filter, ensuring continuous treatment. The cartridges only require 
replacement once per 45 days, thus significantly reducing the needed storage area and off-line 
time. Dual media filtration reduces the turbidity, while cartridge filtration and GAC decrease the 
concentration of organic carbon. This combination satisfies the treatment system objectives.  
The CGS RO pretreatment system is designed to produce 30,000 gallons per day of 
water. Capital and installation costs total $16,900. Annual operating and maintenance costs are 
$3,100, a significant savings from the current operation and maintenance costs of $22,500. The 
CGS pretreatment system offers simplistic operation, waste reduction, and can operate for 45 
days without manual maintenance. The technology has the potential to be expanded into the 
leisure, commercial, and personal marine markets as well as inland applications. 
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2    INTRODUCTION 
Reverse osmosis (RO) is a pressure driven membrane process used to produce drinking 
water from brackish or sea water. One of the applications of the RO process is desalination on 
ocean vessels, where fresh water is unavailable. While RO membranes are effective in removing 
dissolved salts from water, the membranes are susceptible to scaling and fouling.  
Scaling occurs from the separation of salts from the water. After the product water passes 
through the membrane, the brine with a high salt concentration remains in the feed channel. In 
the brine, the solubility limit of most salts is exceeded, causing a precipitate to form on the 
surface of the membrane. The precipitate reduces permeability and damages the membrane 
irreversibly
6
.  
Performance of RO membranes is also reduced by fouling, which is the uneven 
accumulation of suspended or dissolved particles on the membrane surface or in the feed 
channel. The membrane surface becomes fouled when dissolved organic matter, dissolved solids, 
biogenic material and suspended particulate matter cling to it as they get separated from the 
water
8
. Fouling leads to significant problems such as loss of flux, salt passage through the 
membrane, pressure drop across membrane modules, contamination of permeate, degradation of 
the membrane material, and reduction in membrane life
6,8
. Microbial film is one of the most 
serious obstacles for desalination, as the membrane surfaces are in contact with numerous 
microorganisms and extracellular soluble material in the seawater. Microorganisms attach 
themselves to the membrane and grow rapidly, due to the high concentration of nutrients in the 
brine. In other water treatment applications, such growth can be easily eliminated by 
chlorination; however, chlorine damages the RO membranes, and thus cannot be used in this 
application
1
. By removing the problematic constituents, the lifespan of the membrane is 
increased significantly, thus decreasing the cost of RO treatment.   
The U.S. Navy uses pretreatment followed by RO for producing fresh water on sea 
vessels. The current pretreatment system is two cartridge filters in series with pore sizes of 20 
µm and 3 µm. Such pretreatment is sufficient at sea, but in the coastal waters the filters foul 
quickly. On average, the cartridges need to be replaced every four days, leading to four hours of 
off-line time for each replacement. In addition, the cartridges are not reusable, and require a 
significant storage area until they can be disposed of at shore.  
  
77 
Per request of the U.S. Navy, Clean and Green Systems (CGS) has evaluated alternative 
methods for pretreatment. The goal was to design an effective, energy efficient and simple 
pretreatment system for treatment of 30,000 gallons of ocean water per day. The treated water 
would then be processed through RO to produce potable water. The specific pretreatment 
requirements of the system are outlined in Table 1. Additionally, no hazardous chemicals were to 
be used. Alternative pretreatment systems were identified and evaluated according to treatment 
effectiveness, cost, energy requirements, and waste generation.  
 
Table 1: Required Parameters of the RO Pretreatment System 
Parameter Requirement 
Volume of water to be treated 30,000 gpd 
Energy requirement ≤ 10% of RO energy use 
Footprint 
≤ 3 times the current 
cartridge system 
Effluent Parameters 
Turbidity 
Total organic carbon (TOC) 
Particle size 
 
≤ 1 NTU3 
≤ 3 mg/L3  
0.1 µm  
 
CGS has developed a pretreatment system which removes scaling and fouling 
contaminants from the ocean water using dual media filtration and cartridge filtration. This 
system effectively reduces turbidity and organic carbon, and meets the needs of the U.S. Navy.  
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3 EVALUATION OF PRETREATMENT ALTERNATIVES 
Pretreatment alternatives were selected based on their ability to meet the goals for 
turbidity and organic matter removal prior to reverse osmosis. These standards (Table 1) include 
removing turbidity to less than 1 NTU and removing total organic carbon to 3 mg/L
3
. Table 2 
provides information on each pretreatment alternative tested in the laboratory at the bench-scale. 
Currently, two cartridge filters with pore sizes of 20 μm and 3 μm are used in series on 
U.S. Navy ocean vessels as pretreatment for RO. This existing pretreatment technology was 
tested in the laboratory for comparison purposes. The 20 μm and 3 μm filters sizes were 
unavailable; therefore, the closest filter sizes available were obtained (25 μm and 5 μm General 
Electric, GX1501R, GX1501R). Media filtration was also tested at the bench-scale because with 
the proper media and coagulant, media filtration is successful in removing up to 97% of 
turbidity
2
.  
 
Table 2: Pretreatment Alternatives 
Alternative Material Advantages Disadvantages 
Cartridge 
Filtration 
Polypropylene 
micro fibers and 
powdered 
activated carbon 
 Removes both turbidity and 
organic matter 
 Frequent replacement 
 Large footprint for storage 
 High cost for replacement 
filters 
Media 
Filtration 
Sand  Long lifetime 
 High turbidity removal with 
coagulation 
 Chemicals for coagulation 
Granular 
activated carbon 
 Absorbs organic matter  Frequent replacement or 
regeneration 
Anthracite  Long lifetime  Low turbidity removal 
Ultra-
filtration 
Hollow fiber 
polymer 
 Removes down to  small 
particle size (0.025 μm) 
 Requires pretreatment 
 
Various media types were tested including sand, anthracite, and activated carbon. Sand and 
anthracite primarily remove particulate matter, while activated carbon also absorbs organic 
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matter
13
. Mono and dual media filtration were both tested and yielded similar results in terms of 
turbidity removal; however, dual media filtration with sand and activated carbon was more 
effective for the removal of organics and maintaining a faster flow rate. Because the addition of a 
coagulant enhances turbidity removal
2
, aluminum sulfate and ferric chloride were tested using jar 
tests to determine the appropriate dosage and pH conditions for treatment. To achieve optimal 
coagulation, the pH of the water should be between 6 and 8 for aluminum sulfate and between 4 
and 9 for ferric chloride
21
. For typical desalination systems, the pH is usually lowered to a range 
between 6 and 6.5 to prevent the permanent formation of calcium carbonate on membranes
4
. 
Therefore, HCl was added to the water to lower the pH and achieve optimal results. Lastly, 
ultrafiltration using the hollow fiber membrane filtration design was evaluated at the bench-scale 
model because of its ability to remove particles down to a size of 0.025 µm
11
. 
Pretreatment alternatives were tested individually as well as in series to determine the 
alternatives that would meet the water quality goals. Raw ocean water was prepared in the 
laboratory. The water had a turbidity ranging between 14 and 33 NTU  and total organic carbon 
ranging between 25 and 29 mg/L. This water was treated by the filtration processes displayed in 
Table 3 and the effluent was collected for water quality analysis at multiple times during 
treatment. Preliminary results from media filtration demonstrated the best performance using 
dual media filtration with sand and activated carbon along with alum coagulation (50 mg/L) and 
pH adjustment to between 6 and 6.5. Therefore, all subsequent media filter tests were conducted 
with these conditions. 
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Table 3: Pretreatment Processes Tested in the Laboratory 
Pretreatment Process Schematic 
Dual stage cartridge filtration (current 
technology) 
 
 
 
Dual stage cartridge filtration and 
ultrafiltration 
 
 
 
Ultrafiltration  
 
 
Media filtration  
 
 
Media filtration and cartridge 
filtration 
 
 
3.1 Results from Bench-Scale Testing 
Figure 1 displays the results from bench-scale testing for turbidity. The effluent turbidity 
goal of less than 1 NTU was met by all pretreatment scenarios, including the current technology 
of two cartridge filters in series after 10 gallons of water had been processed. The ultrafiltration 
membrane fouled after only two gallons of water had been processed and therefore results for 
water processed after 5 and 10 gallons were unavailable. Results for the pretreatment process 
setup of the 25 μm, 5 μm, and UF in series were also unavailable because a UF membrane was 
Raw water 5 µm 
 
25 µm 
Raw water 
 
Media filter 
Raw water 
 
Media filter 
25 µm 
U 
Raw water 
UF 
Raw water 
5 µm 
UF   
25 µm 
UF 
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unavailable for testing at the time. However, since the cartridge filters in series and the UF alone 
were successful in meeting the pretreatment goals as individual units, it was assumed that the 
cartridge filters and UF in series would also be successful in meeting the turbidity goal.  
 
 
 
Figure 1: Effluent Turbidity Results for Pretreatment Alternatives  
 
Total organic carbon results are displayed in Figure 2. The pretreatment technologies that 
used cartridge filters were successful in meeting the target goal of 3 mg/L. Again, the 
ultafiltration membrane fouled after 2 gallons of water had been processed and therefore results 
for 5 and 10 gallons processed were unavailable. The ultrafiltration membrane and the media 
filter, when utilized individually, were unsuccessful in meeting the requirements for removal of 
total organic carbon. Ultrafiltration was eliminated as an option at this point because the 
membrane fouled so quickly and was unable to process more than 2 gallons of water. The 
cartridge filters in series with ultrafiltration were also eliminated as an option because 
ultrafiltration requires more energy than media filtration. Media filtration as a single process was 
eliminated as an option because it was unable to meet the total organic carbon goal.  
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Figure 2: Effluent Total Organic Carbon Results for Pretreatment Alternatives 
 
Results from the bench-scale experiments demonstrated that two pretreatment 
alternatives meet both the turbidity goal and the total organic carbon goal: the current technology 
of two cartridge filters in series, and the media filter in series with the 25 μm cartridge filter. This 
latter option was selected as the pretreatment system as the media filter can be cleaned, thus 
alleviating issues with non-reusable cartridges. 
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4 PROTOTYPE  
The prototype consists of coagulant addition, pH adjustment, dual media filtration, and 
cartridge filtration as shown in Figure 3. For coagulation, the raw ocean water is dosed with 50 
mg/L of aluminum sulfate, within the optimal pH range of 6-6.5. The dual-media filter is 4 
inches in diameter with a surface area of 12.6 square inches. The filter has ten inches of size 50 
grain sand and two inches of granular activated carbon (GAC). The cartridge filter has a 25 µm 
pore size. 
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Figure 3: Schematic of Prototype. 
 
Preliminary testing demonstrated that this pretreatment system consistently met the target 
levels of less than 1 NTU turbidity and less than 3 mg/L TOC when treating 10 gallons of sea 
water. The media filtration component of the system has the ability to be backwashed, which is 
an advantage compared to the current system, which requires replacement once it is fouled. 
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Therefore, the media filter is used as part of the design because it decreases material 
requirements as well as maintenance and storage costs. The primary purpose of this filter is to 
reduce particle concentration. Because the dual media filter also contains granular activated 
carbon, it is also effective in the removal of some organic matter.  Following the media filter, the 
water passes through the 25 µm cartridge filter which removes organics to below 3 mg/L. 
Because the cartridge filter is filtering water that has previously passed through media filtration, 
the cartridge will require less frequent replacement when compared to the current technology, 
thereby, reducing costs and maintenance.  
The prototype was evaluated for two filter run cycles, processing 6 gallons of raw water 
in 50 minutes in the first cycle and 9 gallons of raw water in 60 minutes in the second cycle. 
During this experiment, a pump was connected to the media filter and set to a flow rate of 10 
mL/sec (1.83 gpm/ft
2
)
12
. The effluent was tested in regular intervals to determine if/when the 
filter would need to be backwashed. Backwash was initiated when the turbidity was greater than 
2 NTU and/or the flow rate was less than 7 mL/sec (1.26 gpm/ft
2
). Table 4 summarizes the 
effluent turbidity and flow rate from the media filter. The first filter run cycle had a turbidity 
under 1 NTU for the entire run. After 50 minutes, the flow rate had dropped to 6.8 mL/sec, and 
the filter was backwashed. In the second filter run cycle, the flow rate was relatively steady but 
the turbidity was higher than the first period. Once the turbidity reached 2 NTU, the filter was 
backwashed. For the first run cycle, the turbidity after the cartridge filter at the end of the cycle 
was below 1 NTU. For the second run cycle, the turbidity was 1.63 NTU at the conclusion of the 
filter run. 
The prototype testing demonstrated that the pretreatment system provides effluent water 
that meets the water quality parameters. The media filter can be backwashed and thus it is an 
improved design from the current cartridge system.  
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Table 4: Prototype Media Filter Run Cycle Results 
Time Elapsed 
(min) 
First Run Second Run 
Effluent 
Turbidity (NTU) 
Flow Rate 
(mL/sec) 
Effluent 
Turbidity (NTU) 
Flow Rate 
(mL/sec) 
0 0.63 9.6 1.61 9.5 
30 0.72 7.2 1.81 10 
50 1.06 6.8   
60   2.02 7.2 
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5 FULL-SCALE DESIGN 
The full-scale pretreatment system was designed to produce 30,000 gallons of seawater 
per day. The system was scaled up from the prototype, and therefore consists of in-line 
coagulation with aluminum sulfate and pH adjustment, followed by a dual-media gravity filter 
and a cartridge filter. A summary of the pretreatment system is shown in Table 5. 
 
Table 5. Summary of full-scale pretreatment system. 
Unit 
No. of 
units 
Flow rate 
(MGD) 
Dimensions 
(ft) 
Potential 
Material 
Design 
considerations 
Media 
Filter 
2 0.032 Length – 4  
Width – 3  
Height – 6.8 
Fiberglass; 
Coated steel 
Aluminum sulfate 
& hydrochloric acid 
addition/storage 
Cartridge 
Filter 
2 0.03
 
20 micron GAC-
impregnated 
None 
 
5.1 Dual-Media Filter 
Raw seawater entering the ship’s intake is first pH adjusted using hydrochloric acid 
(HCl) to a value of about 6.5 and is then dosed with 50 mg/L aluminum sulfate via a chemical 
injection system. An evaluation of whether hydrochloric or sulfuric acid would be more 
beneficial for pH adjustment (in terms of costs, characteristics, etc.) would have to be performed. 
Only HCl was tested in the prototype runs. While it travels through piping, in-line mixers are 
utilized to ensure proper distribution of the chemicals. This water is then dispersed into the 
gravity media filter tank and is processed. Backwash capabilities are supplied from a pump 
which is controlled through a Supervisory Control and Data Acquisition (SCADA) system as 
described in “Process Monitoring.”  
Backwash water consists of treated effluent from the media filter system withdrawn from 
a storage tank on board. The storage tank should hold at least 2,000 gallons, which is the volume 
of water required for backwashing each day. Therefore, the tank is 5 feet high, 10 feet in length, 
and 6 feet in width, for an overall volume of 300 ft
3
 (~2,200 gallons). The storage tank should be 
refilled once a day during periods of low demand, which will most likely be at night. There is a 
standby media filter of identical design on board to account for the cleaning period. Prototype 
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testing results showed that backwashing of a 1 foot media bed was required every 1 hour. 
Backwashing of the 3.75 foot full-scale filter would therefore need to occur approximately every 
3.75 hours given reasonably consistent feed water characteristics. Waste water that is collected 
from this process will be discharged into the ocean. 
The footprint of the media filter was calculated using the flowrate measured for the 
prototype model as well as the desired flowrate (2 gpm/ft
2
) for the full-scale design. Equation 1 
was used to determine the required surface area of the media filter. The full-scale flowrate is 
32,000 gpd, based on a 30,000 gpd production of potable water and 2,000 gpd of water used for 
backwashing. 
𝑄𝑝
𝐴𝑝
=
𝑄𝑓
𝐴𝑓
                                                   (Equation 1) 
Where Qp, Qf = prototype and full-scale flowrate (gpd), respectively 
Ap, Af = prototype and full-scale area (ft
2
), respectively 
 
Solving Equation 1 for Af, the area of the media filter was determined to be 12 ft
2
. The 
depth of the media was established as 3.75 feet based on size limitations, as most Navy ships 
have a height limit of 7 feet
14
. The media depths were scaled from the prototype. A summary of 
the gravity media filter design is shown in Table 6. 
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Table 6. Full-scale media filter design. 
Design Parameter Value 
Total Flow (MGD) 0.032 
Loading Rate (gpm/ft
2
) 2 
Number of Tanks 2 
Tank Dimensions (ft) 
           Length 
           Width 
           Height 
 
4 
3 
6.8 
Height of Filter Components (ft) 
           Free Water Height 
           GAC Bed Thickness 
           Sand Bed Thickness 
           Gravel Bed Thickness 
           Underdrain Height 
 
1.88 
0.63 
3.13 
0.31 
0.63 
 
5.2 Cartridge Filter 
Following media filtration, the water passes through a 20 µm cartridge filter containing 
activated carbon. There is a standby cartridge filter for use when replacement or service of the 
primary filter is necessary. The filter is identical in type to the 20 µm cartridge filters currently 
used in pretreatment, so this portion of the pretreatment system can use existing housings and 
other equipment. 
 
5.3 Overall Design 
A schematic of the full-scale pretreatment process is shown in Figure 4. This 
pretreatment system efficiently and reliably produces water that meets the goals set earlier for 
feed water to an RO membrane. These goals are turbidity levels of less than 1 NTU, and total 
organic carbon levels of less than 3 mg/L. Table 7 compares the current 2-stage cartridge 
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pretreatment system to the CGS process to demonstrate the advantages of the newly designed 
system. 
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Figure 4: Schematic of Full-scale Pretreatment System 
 
Table 7. Comparison of current two cartridge system versus the CGS pretreatment. 
Parameter Current Cartridge Filter 
System 
CGS Improved Media/Cartridge System 
Footprint 340 ft
2
 735 ft
2
  
Energy 3.57 kWh/m
3
* 3.57 kWh/m
3
* 
Maintenance  Replacement of cartridge 
every 4 days taking 4 hours 
 Replacement of cartridge every 45 days 
 Automatic backwashing approx. every 3.75 
hours for period of 15 minutes 
Storage 1000 ft
3 
92.5 ft
3
 
*Priel & Glueckstern, n.d. 
 
The footprint of the cartridge system was estimated by approximating the square footage 
of each component and then laying these out into a logical arrangement that represents what is in 
use on vessels currently. Calculated tank sizes and some of these same values were then utilized 
to determine the footprint of CGS’ system. The footprint of CGS pretreatment design is 2.2 times 
larger than the current system, which meets the U.S. Navy requirement that the new system be 
no larger than three times the current system. The volume of stored items is reduced with the 
CGS system. It should be noted that proper storage of chemicals must be addressed to insure that 
all Navy protocols and safety guidelines are satisfied. 
Energy usage for both systems was assumed to be identical, assuming that both utilize an 
equivalent number of pumps and components. Maintenance time for the system will require the 
replacement of a cartridge filter only once per 45 days. In the current U.S. Navy system, the 
cartridge filter processes raw ocean water with a turbidity of approximately 30 NTU, and clogs 
after 4 days. The media filter reduces the turbidity to around 2 NTU, 15 times lower. Thus, the 
cartridge filter replacement time would be increased by a factor of 15 to a replacement time of 60 
days. Including a factor of safety, the replacement time is estimated at 45 days. The only 
maintenance required for the media filter is backwashing, which is performed automatically. 
There is some maintenance involved with the chemicals (HCl and alum). The chemicals will 
need to be monitored to ensure that the supply in the dosing system does not run out.  
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5.4 Process Monitoring 
All process monitoring is done by SCADA system, which calculates proper chemical 
dosing to account for variability of the feed water characteristics. pH is monitored at the inlet of 
the system, as well as after alum and HCl addition. Turbidity is monitored prior to the cartridge 
filter, ensuring it does not exceed 2 NTU. Limits on the parameters are set through the SCADA 
system and the seawater influent will be redirected to the standby media filter when the 2 NTU 
limit is reached, with flow being stopped to the initial unit until it is backwashed. The same 
precautions apply to the effluent of the cartridge filter for levels of turbidity that exceed 1 NTU. 
Water will automatically be directed to the standby cartridge and the operator will be notified 
that the filter requires replacement. In addition to these turbidity limits, if headloss becomes an 
issue through either process, the same chain of events will follow. 
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6 FULL SCALE IMPLEMENTATION 
Several considerations are necessary for the full scale implementation of CGSs’ RO 
pretreatment process on U.S. Navy vessels. These include cost, waste disposal options, and 
adherence to regulations. 
 
6.1 Cost Benefit Analysis 
CGSs’ RO pretreatment system offers many desirable benefits to the U.S. Navy over the 
current cartridge pretreatment system. The most immediate benefit is the savings on the 
decreased purchase of cartridge filters. The current cartridge system uses two filters every four 
days. One filter costs $185 and the second is $30. Over the course of 12 months, cartridge costs 
add up to $19,600 (see Table 8). CGSs’ pretreatment does include a cartridge filtration step; 
however, each cartridge has a lifetime of 45 days. In the current pretreatment system, 134 
cartridges are used and stored in 9 months compared to CGSs’ pretreatment which requires only 
6 cartridges every 9 months. This decrease has the potential to add significant value in the form 
of additional free space on the ship as well as less waste. 
As discussed previously, the current system requires frequent cartridge replacement due 
to clogging. A beneficial feature of CGSs’ pretreatment is the ability to backwash the media 
filter to ensure best possible performance. Every time a cartridge is changed, it requires four 
hours of labor and downtime to change. This equates to $2,800 in maintenance costs for twelve 
months (see Table 8). CGSs’ pretreatment only requires four hours of planned labor maintenance 
each 45 days, resulting in a cost of $600. The system does require backwashing several times a 
day; however, this process is automated and requires only twelve minutes to complete.  
Additional maintenance is required to change the GAC once a year and resupply the alum and 
HCl feed tanks as needed. Over the course of 9 months, it is estimated that this will take 12 
hours. Annually, maintenance costs will be reduced from $2,900 to $600, a savings of $2,300 per 
year ($1,700 per 9 months). The savings in time allows workers to focus their efforts on other 
critical U.S. Navy tasks. 
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Table 8. Cost / Benefits to U.S. Navy of Redesigned System vs. Cartridge System 
Costs 
Current Cartridge Filter 
Pretreatment CGS RO Pretreatment 
Cost of Materials/year $19,600  $2,800 
Maintenance costs/year $2,900  $600 
Total Cost $22,500  $3,400 
 
Table 9. Initial Investment to U.S. Navy of Redesigned System 
Purchasing Price $19,100 
Navy Construction $500 
Initial Materials $2,800 
Contingency Cost $1,600 
Total Initial 
Investment 
$22,900 
Payback Period 15 Months 
 
The cartridge filter used in CGSs’ pretreatment is identical to the 20 µm cartridge filter 
used in the current system. This allows the Navy to use existing housing and equipment for this 
portion of the pretreatment as opposed to buying new materials. CGSs’ pretreatment also offers 
environmental benefits. The most significant benefit is the decrease in waste that comes with 
moving from a cartridge pretreatment to a dual media filtration pretreatment.  
The installation of the new system is estimated to cost the Navy $500. The components 
and materials would be delivered to their location and Navy engineers would assemble the unit. 
Three enlisted personnel would take two days to assemble the system. Based on their monthly 
salaries of $1,900, as well as 25% for benefits, the installation time would cost the Navy 
approximately $500 for the three enlisted personnel for two days. 
A contingency cost was added in to handle variations in pricing, as well as unforeseen 
costs specific to certain vessels.  These costs come out to $1,600 by taking 10% of the costs of 
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materials to construct the pretreatment system without shipping, since shipping would stay at 
about the same cost. 
Overall, CGS’s RO pretreatment system would cost $19,100 in capital costs, $500 in 
installation, $1,600 in contingency costs, and $3,400 per year for operation and maintenance. 
This provides a savings of $19,100 per year in O&M.  
 
6.2 Health and Safety Guidelines  
CGSs’ pretreatment design creates the same level of safety as the current system.  No 
volatile chemicals are being used so there is little risk to operators.  The system has been checked 
by an independent safety professional to ensure adherence to OSHA regulations. 
 
6.3 Waste Disposal Options 
The only waste from the RO pretreatment is the backwash water from the media filter. 
This backwash water contains alum, precipitated salt, particulates removed from the feed water 
and organics removed by absorption onto GAC. The backwash water can be discharged back 
into the ocean. Once the ship is 12 miles beyond a shoreline, there are no regulations on 
discharging this kind of wastewater
5
. Discharging the backwash water closer to shore is 
restricted because of the aluminum sulfate in accordance with the Clean Water Act (EPA, 1977). 
The sand in the media filter has a lifespan of 10-50 years and is cleaned by backwashing. The 
GAC has a lifespan of about 1 year. After it is spent, it must be shipped to a waste disposal plant 
where it will be incinerated
16
. The cartridge filters will continue to be disposed of in the same 
way.  The filter material is shipped to a landfill while the metal ends are re-used.  The new and 
waste cartridges will use the same storage system that is in place now. 
 
6.4 Adherence to Regulations 
Drinking water produced using CGS’s pretreatment process followed by RO will meet all 
US EPA drinking water standards. The standards include particulates, metals such as lead and 
copper, chemicals such as arsenic, as well as microbials (US EPA, 2009). Adhering to all of 
these standards creates a high quality drinking water. In addition to meeting drinking water 
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standards, the system also follows pollution standards in an attempt to create as little impact as 
possible on the overall environment. 
 
6.5 Navy Outreach  
The Navy makes purchases through a bidding system which anyone can enter as long as 
they can provide proof that their product meets the Navy’s specifications. CGS has previously 
done business with the Navy and has an established reputation of being able to meet product 
specifications as well as provide a quality product at a cost savings.  
The Navy has already stated what requirements would drive any future decisions for 
filtration systems. The main requirements are a reduction in energy use, less maintenance, and a 
reduction or elimination of chemical usage. In addition to these points, there is a concern in 
reducing waste as well as a reduction in size. There is also a “Technical Readiness Level 4” 
requirement, as specified by the Department of Defense. This means that the system must have 
been tested in a laboratory. “Level 5” is preferred, which requires testing in a simulated 
environment. These general requirements are specified by the Navy as the minimum amount of 
improvement needed
14
. 
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7 BUSINESS PLAN 
 
7.1 Company Description 
Barker H. is a global public diversified manufacturer selling to mobile, industrial 
markets. Barker H. employs 168,000 people in over 54 countries and had annual sales of $1.2 
billion in FY09. CGS is a division of Barker H., offering a large selection of products in the 
water solutions industry for military, commercial, and leisure vessels. A project team was 
designated in this division to design a dual media RO pretreatment system. This project team not 
only has access to the resources within CGS but also to Barker H.’s global product support and 
industry contacts. 
 
7.2 Market Analysis 
The number of companies that offer water filtration systems for coastal ships is relatively 
small and includes Aqua Pro, ITT Corporation, and RWO
10
. All three of these organizations 
serve the military, commercial, and leisure marine markets. Aqua Pro’s systems are currently in 
use on the most advanced U.S. Navy ships (Parker, 2010). ITT Corporation is the leader in the 
petroleum industry and RWO receives its profits from the onboard ships and offshore facilities 
markets
17
.  
The U.S. Navy is the main target market for this product.  They have approximately 150 
ships that would likely contain an RO treatment system and roughly another 15 being built or 
planned. The Navy has already expressed interest in replacing cartridge filters, making them an 
ideal market to sell to.  In addition, they have very specific needs for pretreatment.  Our process 
meets these needs and offers a solution that is less expensive than competitors and therefore has 
a high chance of being selected for a government contract.  The Navy has a bid system which 
will be used to replace the current treatment systems on their ships (U.S. Navy, 2002). CGS, as 
part of Barker H., is already qualified to enter a bid. Other potential markets for this RO 
pretreatment include oil rigs, fishing vessels, and cruise ships. These markets are growing and 
offer many opportunities for the future. CGS is most interested in the potential inland 
applications of this technology as this market is rapidly growing due to the increasing scarcity of 
freshwater in many parts of the world.   
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7.3 SWOT Analysis  
An analysis of strengths, weaknesses, opportunities and threats (SWOT) identifies different 
aspects of the current market (see Table 9). The primary advantages of CGSs’ system over the 
current systems on the market are the reduction in waste, reduction in manual labor, and its 
operating simplicity. The U.S. Navy has expressed interest in many of these advantages. In 
addition to the U.S. Navy, many other sea vessels have the same desires to reduce the size and 
costs of their current systems. CGS’s pretreatment technology is not able to be patented because 
it is not a unique process. This presents a risk as competitors could design a similar technology.  
 
Table 9. SWOT Analysis 
STRENGTHS WEAKNESSES 
 Simple system: easy to repair and maintain 
 Reduction in waste: fewer cartridges going to 
landfills 
 Can last up to 45 days without manual 
maintenance 
 Lacks patent protection 
 Portions of the system can be designed by 
competitors 
OPPORTUNITIES THREATS 
 Navy expressed interest in a cartridge filter 
alternative 
 Technology can be expanded into the leisure, 
commercial, and personal marine markets as 
well as inland applications 
 New technologies such as membranes are likely to 
gain a higher efficiency in the future 
 Low barriers to entry 
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8 CONCLUSIONS 
CGS’ alternative RO pretreatment system is a low maintenance, high quality system that 
can be used with RO for production of potable water on U.S. Navy vessels. The system of a dual 
media filter followed by a cartridge filter requires minimal floor space and energy while still 
providing water that meets the goals of less than 1 NTU for turbidity and less than 3 mg/L. 
Significant savings in operating and maintenance costs offset the capital costs of the system in a 
short time period. Therefore, the Clean and Green Systems pre-treatment system meets the needs 
of the U.S. Navy for effective, energy efficient pretreatment of ocean water. 
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